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ABSTRACT 
1. INTRODUCTION 
The large scale destruction of forest for various purposes has 
left the Haryana state in northern India with very little natural 
forest cover. It has resulted in complete destruction of natural 
habitat of a large number of wild fauna and flora. As a consequence 
of destruction of natural habitat, many generalist species have 
adapted to survive in agro-ecosystems. The implementation of 
Wildlife Protection Act (1972) led to increase in population size 
of a number of wild species. Species with crop raiding behavior 
thus pose a serious conservation problem since their conservation 
is directly dependent on the farmers who owns these crop fields. 
Locally overabundant populations of nilgai (Boselaphus 
tragocamelus) in Haryana is one such species which is thriving in 
crop fields and is responsible for large scale damage to the crops. 
The Wildlife Institute of India initiated a research program to 
assess the nilgai-farmers conflict and to suggest mitigation 
measures. The following are the objectives of the study: 
a) to estimate the current population status, density, 
distribution, social organization and reproductive biology of 
nilgai. 
b) to study the dietary pattern, habits and habitat use by nilgai. 
c) to investigate the time budget, activity and ranging pattern of 
the species. 
d) to quantify the crop damage by nilgai in the study area. 
e) to suggest feasible measure for control of crop damage and for 
conservation of the species. 
The field work for this study was done from April 1989 to 
March 1992. The study was carried out in four districts of Haryana, 
viz. Hissar, Bhiwani, Rohtak and Mahendragarh. The vegetation of 
the area is classified as Desert thorn forest types. The "rabi" and 
"kharif" crops are grown in the area during winter season (late 
November to mid March) and during summer and rainy seasons (July to 
October) respectively. In addition, a few crops are grown in 
between "rabi" and "kharif" seasons, which are called "zaid" crops. 
2. METHODS 
2.1 Population density estimation 
A survey was conducted in four districts of Haryana, viz. 
Hissar, Bhiwani, Rohtak and Mahendragarh, to determine the status 
of nilgai population. The following methods were employed: 
a) Questionnaire survey 
A questionnaire survey was carried out in all the districts to 
assess the population size of nilgai by interviewing the farmers 
community. 
b) Vehicle transects 
As the intensive study area encompassed four districts, road 
vehicle count method seemed appropriate for data collection. Counts 
were done in morning and evening hours and data on perpendicular 
distance, species and group size were recorded. Data were analyzed 
by King's method and by Fourier Series Estimator using computer 
program TRANSECT. 
c) Line drive count 
Lane Drive Count method was also used in population size 
estimat i on. 
The observed animals were classified into seven age claeeeB 
a) adult male, b) sub-adult male, c) yearling male, d) adult 
female, e) sub-adult female f) yearling female and g) calf based on 
coat, color and size of horns. Based on direct observations, 
information on calving season, number of calves born, multiple 
births was also collected. Farmers were the main source of 
information about mortality. Dead animals were examined carefully 
to establish the cause of death. 
2.2 Dietary pattern, habitat use, time budget, activity pattern and 
movement pattern 
The nilgai groups were observed by scan sampling method as 
described by Altroan (1974). Data on habitat use, food habits, time 
budget, activity pattern and movement of free ranging nilgai were 
collected by direct observations. Individual activity was recorded 
from dawn to dusk. Most of the continuous observations lasted for 
10-12 hours. 
2.3 Crop damage assessment 
Quantitative assessment of damage to "rabi" crops: wheat, gram 
and mustard, and "kharif" crops: bajra, guar, cotton and rooong was 
done in the cultivated areas at Nahar and Kairu. The extent of 
damage was assessed on the basis of difference in yields from 
protected and unprotected plots. Within these plots, 5x5 in crop 
area was marked using wooden pegs. Similarly, unfenced plots of 
5x5 m were randomly taken and marked with pegs in the same crop 
field. Yields from the 5x5m of both fenced plots and unfenced plots 
were weighed and compared to find out the effectiveness of the 
protection devices. Five to six random transects each of about 3 km 
length running through crop fields were laid and monitored to 
assess the extent, nature and pattern of crop damage on a monthly 
basis. Plots of Ixlm within the cropfields were selected along the 
transect at every 100 m interval, within which, number of damaged 
plants, nature of damage and phenology stage were recorded. Eight 
strand electric fence was put up around 18 ha of bajra, guar, 
sunflower and vegetables during "Kharif" and "Rabi" which were 
highly prone to damage by nilgai. 
2.4 Data analysis 
Except crop damage, all data were analyzed using computer 
programs "SPSS" and "TRANSECT". All figures used were prepared 
using "AUTOCAD" and "HARVARD GRAPHICS" while data were stored in 
"FOXBASE". The data were subjected to statistical analysis using 
"SPSS" package. 
3. RESULTS AND DISCUSSION 
3.1 Population Density Estimation 
The number of nilgai reported by villagers in their areas in 
each district were compared with the estimates obtained during this 
study. There was a significant positive correlation for Bhiwani 
(r-0.87, d.f.= 24, P<0.05) and Rohtak (r=0.34, d.f.=29, P<0.05), 
and insignificant correlation for Hissar (r=-0.08959, d.f.=lB, 
P>0.05) and Mahendragarh (r= 0.20, d.f.= 23, P>0.05). The overall 
density in Hissar, Bhiwani, Rohtak and Mahendragarh comes to 75.4, 
115.5, 59.4 and 55.6 individuals/km* respectively. The population 
density differed significantly between districts (K-W One Way 
Anova, Chi-square= 8.5875, df = 2, 6, 7, 4; P<0.0535). 
Nilgai population densities in all the four districts were 
calculated from vehicle transects. The overall density figures for 
Hissar, Bhiwani, Rohtak and Mahendragarh were 4.8, 7.7, 5.1 and 5.1 
individuals/km^ respectively. The densities estimated by two 
methods were not significantly different, whereas the densities 
differed significantly from one district to another irrespective of 
the method applied (Mann-Whitney U-test: n 1 = 3, n 2 = 4, 
P=0.0339; M-W U-test n 1 = 7, n 2 = 6, P=0.0027; M-W V test n 1 -
8, n 2 = 7, P = 0.0012; and-M-W U test n 1 = 5, n 2 = 6, P=0.0061 for 
Hissar, Bhiwani, Rohtak and Mahendragarh districts respectively). 
Animals were classified in four group size categories i.e. 
single, 2-9, 10-17 and >17 individuals. There was no difference in 
group size values between two years (P>0.05). However, the group 
size values differed significantly between seasons for two 
consecutive years for all male group, mixed group and female with 
calves (K-W One Way Anova df= 86, 154 & 39; P=0.1795, 0.8012 and 
0.0869, corrected for ties). Males were mostly found either singly 
or in small groups of 2-9 individuals during April-July 1990 and 
1991. Single males were observed most frequently during December-
March. The mean group size was largest in August-November 1990 
(4.6) and was smallest in December 1989-March 1990 (2.74). 
A majority (72%) of females were seen in groups of 10-17 
individuals during December-March period. The mean group size was 
largest (7.87) during December 1989-March 1990. The smallest mean 
group size was observed during April-November 1991 (3,96-4.08). 
Most of the females and calves were observed in groups of 2-9 
individuals in all seasons. 
Calves were first observed in June and the sightings of calves 
increased steadily till August. But there was a spurt in sightings 
in January which lasted for less than a month. Breeding activity 
occurred throughout the year, with two peaks; one in December-
January and again in April-May in the study area. 
Out of 2147 nilgai observed from December 1989-November 1991, 
41.8% were males and 45.3% were females (the sex of the remaining 
12.9% animals could not be identified), and overall mean ratio was 
92.3 males:100 females. The male to female sex ratios varied from 
a maximum of 119.7 males:100 females in April-July, 1991 to minimum 
of 56.9 males:100 females in August-November, 1991. The over all 
sex ratio of nilgai for the entire study area taken together was 92 
males:100 females in Haryana. 
Altogether 21 animals were found dead during 1989-90 and 24 
animals during 1990-91. Out of the 1989-90 total of 21 dead animals 
there were 9 males and six females. 
3.2 Food and Feeding Habits 
A total of 426 observations on feeding were made in Nahar 
reserve forest from December 1989 to November 1991. In various 
seasons, 71.7% to 90.8% of the animals were found grazing and 9.1% 
to 28.2% of the animals were seen browsing. The plants or plant 
matter consumed by the animals were mainly doob grass (Cynodon 
dactylon), dry shed green leaves of Salvadora oleoides, Prosopis 
cineraria, Capparis sepiaria and pods of Prosopis juliflora. 
Similarly 330 observations on feeding were made in crop fields. In 
various seasons, 37.86% to 81.31% of the animals were found grazing 
and 18.69% to 62.14% of the animals were seen browsing. The browse 
species mainly included leaves of Prosopis cineraria, Salvadora 
oleoides and Acacia nilotica. 
Of all the plant species, Cynodon dactylon formed Xhe major 
proportion (31.l%-52.6%) of the diet in all the three seasons, 
followed by Triticum aestivum, Cyamopsis tetragonoloba and dry 
matter of other species (litter). The consumption of grasses was 
highest (44%-67%) in Nahar reserve forest, followed by leaves and 
pods. In agricultural fields, crops were consumed more in winter 
(73.3%) and in monsoon (78.6%) when this food was available in 
plenty. During summer, grasses were the predominant proportion of 
food (56.21%). 
3.3 Activity & movement pattern 
The time budget has been observed to undergo seasonal 
variations in Nahar reserve forest. During winter, the maximum 
feeding activity was from 16 to 17 hours (25.7-31.8%). In summer 
however, two distinct peaks of feeding activity; one in the morning 
around 7 to 9 hours (41.7 to 40.5%) and the other at 16 hours 
(37.9%). While in monsoon season, the feeding did not show much 
variation during the day hours. 
Nilgai groups were followed continuously for 12 hours a day 
and distance covered by them in every 10 minutes was noted. There 
was no significant difference in distance covered in two habitats 
(t-test, 2 tail probability=0.221, df=47). There was no 
significant variation in the distances covered by nilgai groups 
from monsoon to summer at P=0.05 (t value 3.2, 2 tail probability 
=0.187, d.f.=8). But there was significant difference between the 
distances covered by nilgai groups during winter and summer in each 
of the two habitats at P=0.05 (t= 2.51, 2 tail Probability=0.030, 
d.f .=27) . 
The average distance covered by the animals daily is more 
(1199+188.4 and 3520+1165.8 for reserve forest and crop fields 
respectively) during winter than in summer or monsoon. 
3.4 Crop damage assessment 
Damage to wheat, gram and mustard crops is caused not only by 
foraging but also due to various activities of nilgai viz. 
trampling, resting and movements of the animals. Assessment of 
damage to "rabi" crops using the transect method was done in Nahar 
area. The losses to wheat, gram and mustard crops have been 
estimated to be 24.3, 56 and 42.4 percent respectively. The average 
productivity of wheat, gram, mustard, bajra, gaur and cotton crops 
in protected and unprotected plots are as follows: losses to 
grains/seeds of wheat, mustard and gram during the year 1989-90 
and 1990-91 were estimated to be 23, 41.1, 43.4 and 25.8, 44.8 and 
42.8 percent respectively for Nahar areas; and 61.7, 60, 68.2 and 
9.8, 18, 26.7 percent respectively in Kairu areas. Damage to bajra 
and guar in Nahar area was 16.24 and 20 percent respectively during 
1990. In Kairu area, damage was estimated to be 34.58 and 40.67 
8 
percent for guar and cotton respectively during 1990 and 17.3, 25.2 
and 50 percent for guar, cotton and moong respectively during 1991. 
The loss values for "rabi" crop calculated through transect method 
are comparable with the seed losses of the same crop calculated 
using the plot fencing experiment during 1989-91. Damage to wheat 
crop was estimated to be the maximum (62%) during growth phase. In 
case of mustard crop, seed formation and ripening stages were 
highly susceptible to damage by nilgai, the damage was estimated to 
be 76.9%. In addition, damage was recorded also during the growth 
phase of this crop. Ripe pods of mustard when shaken by moving 
animals were found to burst, and the seeds got scattered. Though 
the damage to gram was observed in all the phenological stages, 
maximum damage was recorded at two different stages; during growth 
phase and second just before harvesting. 
By comparing the crop yield of the protected (electric fenced) 
and unprotected plots, losses of seeds/grains of wheat, mustard, 
bajra and guar have been calculated to be 11.0, 20.8, 20.3 and 21 
percent respectively. Similarly, the difference in the yield of 
green matter of wheat, mustard, bajra and guar between protected 
and unprotected plots has been estimated to be 6.1, 18.3, 11*36 and 
17.5 percent respectively. The difference in the yield of straw of 
wheat, mustard, bajra and guar from protected and unprotected plots 
has been found to be 9.4, 17.8, 11.6 and 27.2 percent respectively. 
3.5 Recommendations 
The observations suggest that translocation of such large 
nilgai population is not a viable option due to the cost involved 
and feasibility. At the same time the electric fencing is also not 
a good solution since many farmers can not afford it. Therefore, 
the cheapest and the most effective way to control nilgai 
population would be culling and regulated hunting which will 
generate revenue for further management and conservation of nilgai. 
Since nilgai is a sacred animal, such a strategy may not work 
initially. However, people should be educated to promote wildlife 
ranching as is Vjeing done in other countries such as USA. 
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CHAPTER-1 INTRODUCTION 
1.1 PROBLEM 
Many species of wild animals, once widespread and numerous, 
have been threatened due to current land use practices. 
Consequently they now survive mostly in fragmented habitats, often 
as small populations. Several of these species are listed as 
endangered. However, in a short span of last two decades or so, 
due to realization of wildlife values and timely conservation 
efforts, several such species in protected areas, reserve forests 
and surrounding areas, are recovering, with a few even locally 
over-abundant. These are simply ecological dislocates and continue 
to be affected by land-use practices which have disturbed the 
balanced habitat-species relationship (Caughley, 1981; Howard & 
Dutta, 1982). Conflicts arise because of cultivations encroaching 
into wilderness areas compelling wildlife species to subsist on 
agricultural crops. Agricultural crop damage by such locally over-
abundant wildlife populations has been widely reported from many 
parts of the country (Nair & Gadgil, 1980; Schultz, 1986; Chauhan 
& Sawarkar, 1989) . 
In Haryana, which has hardly any wildlife protected areas, 
large herds of nilgai have been invading the cultivation areas and 
feed on agricultural crops, causing considerable damage. In some 
of the affected areas substantial losses are frequently reported. 
In the absence of natural predators and with restricted poaching, 
nilgai like few other similar species, are multiplying fast and in 
consequence the damages are also increasing leading to conflicts 
between wildlife (in the present case only nilgai and to some 
extent blackbuck) and people. It is, therefore, necessary to manage 
nilgai populations and adopt effective measures for protection of 
agricultural crops. 
Reliable and objective information on crop depredation by 
nilgai is lacking and it is not possible to devise effective 
control measures unless scientific studies are undertaken on 
population and behavior of the species as also on various aspects 
of crop damage. 
The present study was taken up by the Wildlife Institute of 
India, Dehra Dun on ecology of nilgai and associated agricultural 
crop damage problems in Hissar, Rohtak, Bhiwani and Mahendragarh, 
districts of Haryana with the following objectives: 
1.2 OBJECTIVES 
1) To estimate the current population status, density, 
distribution, social organization and reproductive biology of 
nilgai. 
2) To study the dietary pattern, habits and habitat use by nilgai. 
3) To investigate time budget, activity and ranging pattern of thn 
species. 
4) To quantify the crop damage by nilgai in the study area. 
5) To suggest feasible measures for control of crop damage and for 
conservation of the species. 
The field work for this study was done from April 1989 to 
March 1992. 
1.3 STUDY AREA 
The selection of the study area was based on the distribution 
and density of nilgai. Initially the survey was carried out in four 
districts of Haryana, viz. Hissar, Bhiwani, Rohtak and 
Mahendragarh. Except Rohtak, all three districts are adjacent to 
Rajasthan State. These districts lie between 27* 50' to 29' 40'N 
and 75* 30' to 76* 40'E (Figure 1). 
The intensive study areas were selected on consideration of 
the gravity of the crop damage problem. These areas are Kairu (28* 
40'N and 75' 56'E) and Nahar (28* 20.5'N and 76* 20.5'E at an 
elevation of 234 m at M.S.L.) located in Bhiwani and Rohtak 
districts respectively as shown in Figures 1 & 2. However, bulk of 
the data was collected around Nahar area. 
The village Nahar is 80 km, 60 km, and 30 Km from Rohtak 
Bhiwani and Mahendragarh district headquarters respectively. Nahar 
was selected as one of the two main base camps. The population of 
the village is around 5000, a vast majority being farmers. The 
precise study area was spread over 40 km radius with Nahar as 
center and the following description exclusively pertains to this 
area . 
1.3.1 Topography 
Broadly speaking, the entire area is a part of the Punjab 
plain. Micro-regional geography apparently shows marked variation 
in its surface configuration. The northern and eastern parts of 
the area are rather flat compared to the western and southern 
parts. The later parts are characterized by uneven land of sand 
mounds which are locally known as "tibbas". 
1.3.2 Geology and soil 
The rock outcrops are very few and these are generally in the 
form of a discontinuous chain of Aravali hills in south-western 
part of the area. A large part of the area is covered by recent to 
sub-recent deposits of alluvium and brown sand. Till a few decades 
back the sand mounds were either permanent or (shifting) sand-
dunes. Presently due to intensive cultivation the dunes have got 
transformed into more or less permanent mounds. Soil in the study 
area is sandy alluvial type and is quite rich in plant nutrients 
and hence is very fertile, particularly in virgin state. 
1.3.3 Natural drainage, rivers and other resources 
The area does not bear the imprint of any river or even a 
regular seasonal stream. Gullies are formed down the slopes of the 
Aravali during monsoon, which disappear within a few kilometers 
from the adjoining hillock. There is, hardly any village without 
a pond. These ponds are formed in low lying areas or locations 
where earth has been dug for making bricks. These ponds are 
regularly supplied with water either from main canals, tributaries 
or tube-wells. The water table is fairly low (40-80 ft. or even 
more) and water is brackish. Both of these conditions are 
impediments in tube-well irrigation. However, due to undulating 
terrain and limited water supply, crops are irrigated by means of 
tube-wells through sprinklers. The area in certain parts is 
irrigated largely by tributaries of the Jawaharlal Nehru Canal in 
the east, and by the Mahendragarh Canal in north-west and south. 
1.3.4 Climate 
Bordering Rajasthan desert and lying far inland, the area is 
flat country with elevation around 250 m. These features have 
profoundly influenced the climate which is very hot in summer; from 
April to June, and quite cold in winter; from November to mid 
March. It is also characterized by dryness, except during the 
monsoon; from July to mid September (Anonymous, 1982). 
1.3.5 Temperature 
There is no meteorological data available for the area. The 
minimum-maximum temperature was recorded daily at forest rest 
house, Nahar during 1990-91 as a part of this study. Winter starts 
towards the later half of November when both day and night 
temperature falls rapidly. December is the coldest month when the 
mean minimum temperature usually drops to 8 'C; and the mean daily 
maximum temperature goes up to 27.3 'C. The mean monthly minimum-
maximum temperature recorded for the year 1990 is shown in Table 1. 
May-June are the hottest months when mean maximum temperature 
varies from 47 'c. to 48.5 *C, sometimes maximum temperature 
exceeded 50 'C and scorching hot and dust laden winds blow from 
across the Rajasthan desert. With the onset of monsoon, day 
temperature falls appreciably from August to October and range 
between 15 'C and 40 *C. 
1.3.6 Rainfall 
Data on rainfall was available from forest range office, 
Nahar. The average annual rainfall in Bhiwani district was 382 mm 
and in Rohtak district was 457 mm (Anonymous, 1982 & 1970). The 
annua] rainfall during 1990 was mm, which was exceptionally high 
due to good monsoon, while it was 309 mm in the year 1991. About 
74 per cent of the annual rainfall was received during July-
September, 1990, 13% in June and rest was in winter. While 81% of 
the annual rainfall (pre-monsoon) was received during July-August 
and rest 19% in April 1991. The average annual rainfall recorded 
from 1931 to 1960 at Hissar was 446 mm (Anonymous, 1931-1960). The 
air is dry during greater part of the year. In monsoon months, 
humidity remains high. April and May are the driest months, 
humidity in afternoons is usually less than 20 percent. 
1.4 LAND USE PATTERN 
As elsewhere in this region of the country, economy in the 
study area is mainly agrarian, and vast majority of population 
Jives in villages. Agriculture provides sustenance to about 86% of 
the inhabitants, either through cultivation or allied occupations. 
According to village papers the land use classification in 1966-67 
was as follows: 
Nature of land Area occupied (%) 
Land not available for cultivation 6.0 
Other uncultivated land excluding fallow lands 4.7 
Fallow land 3.0 
Forests 1.0 
Cultivation area 85.3 
(Source: Anonymous, 1970). 
1.5 VEGETATION 
The vegetation of the area is classified as Desert thorn (6 
B/c-I Type) forest types (Champion & Seth, 1968). Flora is scanty 
and sparse. Tree species found in forested patches, cultivated 
fields, waste land and habitations are: Prosopis cineraria, 
Prosopjs juliflora, Tecomella undulata. Acacia Senegal, Acacia 
tortiJ is, Zizyphus mauritiana. Acacia leucophloea, Salvadora 
oleoides, Ficus benghalensis, Ficus religiosa, Bauhinia racemosa, 
Dalhergia sissoo. Acacia nilotica, Azadirachta indica, Albizia 
lebbeck and Parkinsonia aculeata are being planted along rail, 
road, canal strips and in other private areas. Eucalyptus is 
planted in agricultural fields under the farm forestry scheme. 
The common herbs and shrubs are Capparis sepiaria, C. decidua, 
Adhatoda vasica, Zizyphus nummularia, Cassia tora, Calotropis 
procera. Coccinea cordifolia and Cuscuta reflaxa are the common 
climbers. Some of the characteristic plants of the sandy tracts and 
sand mounds are Aerva pseudotomentosa, Parkinsonia aculeata, 
Arnebia hispidissima, Chrozophora prostata, Leptadenia spartium and 
Peganum harmala. Many of these are used medicinally. The important 
grasses found in the area are Cynodon dactylon, Cenchrus cillaris, 
C. setigerus, Saccharum munja and Desmostachya bipinnata. Most of 
these are palatable fodder grasses which are dwindling on account 
of uncontrolled grazing. 
In wastelands and uncultivated fields, tree species are 
scattered and are of little commercial value. The forest areas are 
confined along roads, canals and drains, which are protected 
forests and rest are private forests on community land which have 
now been taken over by the State Forest Department. 
In Nahar, there are two reserve forest patches of 84 and 171 
ha. which mainly consist of Prosopis juliflora, P. cineraria. 
Acacia Senegal, A. nilotica, A. tortilis. Balanites aegyptiaca and 
SaIvadora oleoides plantations. 
During the rainy season, a number of herbs Cleorae viscosa, 
Commelina, Corchorus, Tephrosia, Trianthena, Tribulus alutus and 
Triumfetta tomontose appear gregariously in open ground in forest 
patches. 
1.6 AGRICULTURE 
The "rabi" and "kharif" crops are grown in the area during 
winter season (late November to mid March) and during summer and 
rainy seasons (July to October) respectively. In addition, a few 
crops are grown in between (or overlapping) "rabi" and "kharif" 
seasons, which are called "zaid" crops. 
The major kharif crops of the area are bajra {Pennisetum 
typhoides), guar (Cymopsis tetragonoloba) and jowar (Sorghum 
vulgare). The major rabi crops in the region are wheat (Triticum 
aestivum), mustard (Brassica campestris), gram (Cicer arietenum) 
and barley (Hordeum vulgare) while the minor ones are cotton 
(Gossypium sp.), tobacco (Nicotiana tabacuw) and vegetables. 
There is hardly any rain-dependent area left. However, 25-30 
percent area remains uncultivated during kharif season and it is 
followed by gram cultivation (in roost of the areas) and mustard 
during "rabi" season (Anonymous, 1982). 
The crop pattern of recent 2-3 years is quite different from 
what used to be a decade back. Now one may not find any arable area 
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unsown. Cropping pattern for "kharif" is more or leas the same duo 
to common source of irrigation, but during "rabi" wheat occupies 55 
percent followed by mustard (35%), gram (5%), barley (2%) and minor 
crops (3%) of the cultivated areas. 
1.7 FAUNA 
The area mainly consists of crop fields and human settlements 
with small patches of tree plantations. There is scarcity of water 
and therefore only such wildlife species are found here which are 
common to semi-arid tracts. The commonly seen mammals are rhesus 
monkey iMacaca mulata), five striped palm squirrel (Finambulus 
pennanti), Indian gerbille (Tatera indica), house mouse (Mus 
musculus), common mongoose (Herpestes edwardsi), jackal (Canis 
lupus), jungle cat (Felis chaus), nilgai (Boselaphus tragocamelus), 
Chinkara (Gazella gazella) and blackbuck (Antelope cervicapra). 
Among reptiles the area is commonly represented by cat snake (Ptyas 
mucosus), common sand boa (Eryx johni johni), Indian cobra (Naja 
naja) and monitor lizard (Varanus bengalensis). Indian bull frog 
(Rana tigrina), common toad (Bufo melanostictus) are common 
amphibians. Among fishes: carps (Catla catla), rohu (Labeo rohita), 
singhara (Mystus seenghala) and Channa punctatus are recorded. 
Avifauna is rich. Pea fowl (Pavo cristatus), pigeon (Columba 
livia), ring dove (Streptopelia decaocta), grey partridge 
{Francolmus pondicerianus) , black partridge (Francolinus 
francolinus), sandgrouse (Pterocles exustus) and parakeets 
(Psittacula krameri) are very common. 
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Table 1. Monthly mean minimum-maximum temperature recorded at Nahar 
during 1990. 
MONTH 
January 
February 
March 
April 
May 
June 
1 July 
1 August 
September 
October 
November 
December 
MINIMUM TEMPERATURE 
( 'O 
9.4 
11.0 
13.2 
19.6 
26.5 
29.2 
27.4 
26.6 
24.8 
18.0 
12.3 
8.0 
MAXIMUM TEMPERATURE 
( 'O 
32.5 
29.8 
36.4 
43.3 
44.0 
44.6 
36.5 
39.0 
37.1 
37.6 
34.3 
27.3 
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CHAPTER-2 METHODS 
2.1 POPULATION DENSITY ESTIMATION 
A survey was initially conducted in four districts of Haryana, 
VIZ. Hissar, Bhiwani, Rohtak and Mahendragarh, to determine the 
status of nilgai population. The survey was done in three following 
ways : 
2.1.1 Questionnaire Survey 
Basic information was obtained from the Forest Department 
before embarking on questionnaire survey. A questionnaire was then 
designed to collect information on the location of forested patches 
and their proximity to the crop fields, the approximate number of 
the animals (nilgai) associated with each forested patch, the 
extent of crop damage and the indigenous devices for damage 
contro]. The questionnaire survey was conducted in the villages of 
the four districts. 
2.1.2 Vehicle Transects 
Selected roads within the existing network were used as 
transects. The transects traversed reserve forest, land protected 
by forest department, panchayat and community lands, canal, rail 
and road side plantations, cultivated land and miscellaneous other 
land forms. These transects were marked on a map. During each 
animal sighting, information on number of animals, age and sex was 
recorded. 
The same method was used for intensive area survey but more 
data was additionally collected. Road transects in Nahar (base 
camp) ran in different directions and the data was collected from 
within 40 km radius taking the base camp as centre. The data 
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collect ion was done four days in a month from December 1989 to July 
1991 between 600 hours to 1100 hours and 1500 hours to 1930 hours. 
Following data was recorded during the course of the transect 
survey. 
Perpendicular distance of the observer from the animal group, 
the type of activity by animals observed, major habitat parameters, 
and the distance of the sighted animals to nearest village were 
recorded. Perpendicular distances were recorded subjectively 
following Burnham et al. (1980). The perpendicular distance from 
the centre of the animal groups were visually estimated. The 
distances were measured by pacing, if and when felt necessary. 
2.1.3 Line Drive Count 
Protected forest/community land areas were sampled using "Line 
Drive Count" method (Sale and Berkmuller, 1988). 
The data on population estimation was analyzed using "King's 
Census" method and "Fourier Series Estimator" method. 
2.2 KING'S CENSUS METHOD 
This is perhaps the oldest method used to analyze data based 
on strip width. Density is estimated using formula: 
n 
D :. 
21xy 
Where n is total number of animals seen, 1= Mean perpendicular 
distance, y is Length of transect and D is density of animals per 
square unit. 
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2.3 FOURIER SERIES ESTIMATOR (FSE) 
The animal density was calculated using computer software 
package "TRANSECT" (Laake et al., 1979). 
For any given set of data, density from line transects can be 
expressed as: 
nF,., 
D 
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where n- Total no. of animal groups seen 
F(0)= Probability density function 
1= Length of the transect 
D= Density. 
The calculated density by FSE is a group density. If this 
group density is multiplied by mean group size of pooled transects, 
density per unit area is calculated. 
For the "Line Transect" studies in a given area, following 
basic assumptions are made: 
a) Animals are randomly distributed in the area. 
b) Animals present directly on the line will never be missed. 
c) Animals do not move before being counted. 
d) Distance (perpendicular/sighting) and angles are measured 
exactly. 
e) Sightings are independent events. 
The data was analyzed after critically evaluating the 
assumptions involved in the estimation of density by FSE. 
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2.4 LINE DRIVE COUNT METHOD 
Tiained observers were lined up with a format at visible 
intervals along the boundary-line of the reserve forest. Observers 
started moving into the area at a fixed time with the same speed, 
keeping visual contact wherever possible. While walking, they 
recorded the compartment number, time of animal sighting, age and 
sex and direction of animal movement. These counts were made early 
in the morning between 0700 to 0900 hours and in the evening 
between 1600 to 1800 hours. While pooling the data the possibility 
of double counting was omitted by looking at the time and direction 
of animal's movements. 
The density was calculated as follows: 
Total no. of animals (Pooled data) 
D-
Area sampled 
2.5 FINITE AND EXPONENTIAL RATE OF INCREASE 
The population growth was measured by exponential and finite 
rate of increase following the formula of Caughley (1980) and 
Rodgers (1991). 
Nt = Noe,i. or rt == log, Nt - log,No 
where the constant "e" is the base of natural logarithm. 
Nt= Initial population 
No= Final population 
t= Time interval 
r= Rate of increase. 
A much simpler alternative method is to determine finite rate of 
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inc:reaKP as follows: 
Number in year 2 
= Proportional increase over the period 
Number in year 1 
A useful expression is the time taken for the population to 
double (or halve). Divide log 2 by r (rate of increase) 
Log e^ 
= Time taken to double the population. 
r 
2.6 AGE AND SEX CLASSIFICATION: 
The observed animals were classified into seven age classes as 
used by Sheffield et al. (1983). Age class criteria for 
identification of male nilgai are given in table 2. Adult males 
are easily distinguishable by very muscular neck, thick horns, 
blackish/steel grey upper parts. Field observations coupled with 
examinations of the dentition of dead animals, showed that yearling 
and subadult females could not always be reliably distinguished 
from adult females in the field. Apart from the categories given in 
table, following other classes were also used: 
a) adult females 
b) sub adult females 
c) yearling females 
2.7 BREEDING BIOLOGY 
2.7.1 Fecundity 
Based on direct observations, information on calving season, 
number of calf born, multiple birth i.e. twins and triplets was 
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collected throughout the study period. 
2.7.2 Mortality 
Farmers were the main source of information about mortality. 
Dead animals were examined carefully to establish the cause of 
death. In most cases, carcasses were undamaged or not putrefied 
and that helped in establishing cause of death. Lower Jaws from 
carcasses were collected for confirmation of the age of the 
animals. 
2.8 DIETARY PATTERN, HABITAT DSE, TIME BUDGET, ACTIVITY PATTERN AND 
MOVEMENT PATTERN 
The nilgai groups were observed by scan sampling method as 
described by Altman (1974). 
Data on habitat use, food habits, time budget, activity 
pattern and movement of free ranging nilgai was collected by direct 
observations. Individual activity was recorded (for only day light 
hours) from dawn to dusk and sometimes, even later depending on 
visibility. If the activities of individuals in a group were 
observed to be different, activities of five individuals from left 
to right were recorded at 10 minutes interval. Information on the 
following variables were recorded. 
Most of the continuous observations lasted for 10-12 hours, 
and shorter duration observations were ignored. The average time 
spent by the animals for various activities had been calculated on 
hourly basis for summer, winter and monsoon seasons. 
Only those groups which could be observed continuously for 10 
hours had been considered for ranging pattern. Distance covered by 
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individual groups per day during a season was added and the daily 
average calculated for each season. 
2.9 CROP DAMAGE ASSESSMENT 
Quantitative assessment of damage to "rabi" crops: wheat, gram 
and mustard, and "kharif" crops: bajra, guar, cotton and moong 
{Fasciolus mungo) was done in the cultivated areas at Nahar and 
Kairu using the following methods: 
The extent of damage was assessed on the basis of difference 
in yields from protected and unprotected plots: 
2.9.1 Protected Plots 
Plots were protected by fencing with barbed wire strands 
further reinforced by ordinary wire (Plate 1). Within these plots, 
5x5 m crop area was marked using wooden pegs. Similarly, unfenced 
or unprotected plots of 5x5 m were randomly taken and marked with 
pegs in the same crop field. Yields from the 5x5m of both fenced 
plots and unfenced plots were weighed and compared to find out the 
effectiveness of the protection devices (the yield of green weights 
at the the time of harvest and seed/grain weights and straw weights 
at the time of threshing were compared from protected and 
unprotected plots). 
2.9.2 Transects 
Five to six random transects each of about 3 km length 
running through crop fields were laid and monitored to assess the 
extent, nature and pattern of crop damage on a monthly basis. Plots 
of Ixlm within the cropfields were selected along the transect at 
every 100 m interval 1x1 ro (Plate 2) in the crop field, within 
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which, number of damaged plants, nature of damage and phenology 
stage were recorded. 
The format used for data collection by transect method is 
given in table 3 & 4. 
Thus the data collected on each crop was pooled to find the 
nature and extent of damage. 
2.10 PLANT DENSITY 
Four circular plots were laid in compartments of Nahar reserve 
forest, with the following dimensions: 10 m radius for trees, 5 m 
radius for shrubs and 1 m radius for herbs and grasses. GBH (Girth 
at Breast Height) of individual trees located in each plot were 
recorded. Number of shrubs (<20 cm girth) were also recorded from 
individual saplings or clumps. Visual estimate of grass abundance 
was done (by recordeding frequency of occurrence of various grass 
species), once during study period. 
2.11 ELECTRIC FENCE 
Eight strand electric fence was put up (Plate 3) around 18 ha 
of bajra, guar, sunflower and vegetables during "Kharif", and 
wheat, mustard and gram crop areas during "Rabi"; which were highly 
prone to damage by nilgai. Live-wire fencing was done using wooden 
poles at 10 m intervals and G.I. wire with 1 ft gap from each 
other; the lower most strand was at 1 ft height from ground level. 
The fence was energized with 7-8 KV Gallaghar energizer operated on 
12 V battery. The fence design and efficacy was tested by 
monitoring nilgai movements and observing crop damage. The fence 
was checked and maintained periodically and the data was collected 
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on alternate days on parameters given in table 5. 
In addition a, 5.5 in plots were marked inside the fence and 
harvested to compare the yield of "Rabi" and "Kharif" crops with 
similar unfenced plots during 1991-92. 
2.12 DATA ANALYSIS 
Except crop damage, all data were analyzed using computer 
programs (software packages): "SPSS" and "TRANSECT". All figures 
used were prepared using "AUTOCAD" and "HARVARD GRAPHICS" while 
data were stored in "FOXBASE". The data were subjected to 
statistical analysis (tests) using "SPSS" package. 
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Table 2. Age-class criteria for identification of male nilgai. 
Class 
Calf 
Yearl 
ing 
Sub 
adult 
Adult 
Horn 
-
appear 
and thin 
thicker 
thick 
COLORATION 
Dnderparts 
Legs, Neck 
Brown 
Grey-brown 
to grey 
dark grey 
to black 
black 
_ 
Upper 
Parts 
Brown 
brown-
grey 
tinge 
grey 
with 
brown 
tinge 
steel 
grey 
or 
black 
Approx 
-mate 
age 
<7 
Months 
<16 
Mo. 
<30 
Mo. 
>30 
Mo. 
Remarks 
With 
female/8 
In 
bachelor 
herds & 
resemble 
calves 
Neck and 
Chest 
heavier 
very 
Muscular 
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Table 3. The data format used in study. 
VARIABLE 
Time 
Group Structure 
Individuals 
Activity 
Plant species 
1 Part 
1 Height 
Location 
Distance moved 
Weather conditions 
Habitat 
1 Remarks 
CATEGORIES 
At every 10 minutes interval 
Adult, subadult, yearling male, adult, 
subadult, yearling female and calves; 
and also category of unidentified. 
From above category 
Feeding, resting, standing, running and 
others 
Plant species observed to be eaten 
Part, eaten (leaves, pods etc.) 
Height at which feeding was done on the 
plant 
Compartment number in reserve forest or 
crop fields. 
During 10 minutes interval 
Clear, foggy, cloudy, rainy etc. 
Dominant habitat type 
If any 
= = = = = = = = — _ - - - a - n ; a ^ m = = = rr-a r 
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Table 4. The data format used in study. 
Variable 
Date 
Transect number 
Transect length 
Plot number 
Crops 
Plants 
Phenophase 
Total damage 
Feeding 
Mode of damage 
Remarks 
Categories 
Date of data collection 
Transect numbers 1-6 
2.5 to 3 km per transect 
Sampling plots at every 100 m 
interval 
Wheat, mustard, gram, bajra & guar. 
Number of plants in Ixlm quadrat 
Stages of crop on weekly basis. 
Number of plants completely damaged 
by trampling or uprooting. 
Number of full plant or part eaten: 
leaves, flowers, & fruits/pods etc. 
Feeding, trampling, resting or 
fighting. 
If any 
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Table 5. The data format used for electric fence. 
Variable 
Date 
Voltage (KV) 
Animal signs 
Remarks 
Categories 
Date of data collection, once in 
two days 
At every half a km distance 
Direct signs with species 
name: Inside/outside fence; 
animals negotiating fence 
Indirect sign with species 
name: Inside/outside fence; 
pellets, hoof marks. 
Battery replacement/fence 
maintenance/animals 
negotiating fence/weather 
monitoring. 
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CHAPTER-3 POPULATION ESTIMATION 
3.1 INTRODUCTION 
Population can be defined variously from different points of 
view considered ecologically as "population is a group of 
interbreeding organisms of the same kind occupying a particular 
space". It is characterized by density, that is, the number of 
organisms occupying a definite unit of space. Population is also 
considered as a genetic unit (Smith, 1990). 
Understanding animal abundance and distribution is a very 
important aspect of wildlife management. Measuring abundance of 
animal populations essentially means census (Sale & Berkmuller, 
1988). Census is a complete count over a specified area at a 
specified point in time or a specified interval of time at a 
specified point in space (Giles, 1981). A census technique yields 
numerical information like population estimates per unit area, 
information about relative abundance or trends. 
During the last three decades a number of workers have applied 
different methods for estimating population and biomass of 
ungulates (Haque, 1990; Khan et al., 1990). 
Most of the studies on ungulate populations are from African 
habitats and only few studies have been conducted in India 
(Berkwick, 1974; Haque, 1990; Khan et al., 1990; Qureshi, 1992). 
In this country most of the studies have been conducted on 
single species populations (Green, 1985; Qureshi, 1992). Detailed 
information on population of nilgai is very much lacking except a 
little account by Haque (1990), Khan et al. (1990) and Qureshi 
(1992) and in most cases studies are limited to smaller areas. 
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Population manipulation or population regulation, which 
sometimes becomes necessary, should be attempted only after a 
thorough understanding of all aspects has been developed. This 
knowledge is also likely to help managers in the development and 
execution of future management strategies. The present study was 
an attempt to provide information on nilgai population in the 
predominantly agricultural habitats of western and south-western 
Haryana . 
3.2 RESULTS AND DISCDSSION 
3.2.1 Population Density Estimation 
3.2.1.1 Questionnaire Survey 
Questionnaire survey was conducted in all the four districts. 
Twenty villages were covered in Hissar, twenty six in Bhiwani, 
thirty one in Rohtak and twenty five in Mahendragarh district. The 
villagers had to be individually contacted and interviewed to fill 
up the questionnaire because of illiteracy or low level of 
understanding. The number of nilgai reported by villagers in their 
areas in each district were compared with the estimates obtained 
during this study. There was a significant positive correlation for 
Bhiwani (r-0.87 d.f.= 24, P<0.05) and Rohtak (r=0.34, d.f.=29, 
P<0.05), and insignificant correlation for Hissar (r=-0.08959, 
d.f.-lB, P>0.05) and Mahendragarh (r= 0.20, d.f.= 23, P>0.05). The 
number of nilgai reported by the people in two districts were found 
to be substantially higher than what was observed in the field. 
This suggests that figures reported by villagers may not be very 
correct. 
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Based on the interviews and spot sample verification in study 
areas of Hissar, Bhiwani, Rohtak and Mahendragarh districts, the 
population data has been presented in Tables 6-9. The overall 
density in Hissar, Bhiwani, Rohtak and Mahendragarh comes to 75.4, 
115.5, 59.4 and 55.6 individuals/km* respectively. The population 
density differed significantly between districts (K-W One Way 
Anova, Chi-square= 8.5875, df = 2, 6, 7, 4; P<0.0535). 
Nilgai population densities in all the four districts were 
calculated from vehicle transects (Tables 10-13). The overall 
density figures for Hissar, Bhiwani, Rohtak and Mahendragarh were 
4.8, 7.7, 5.1 and 5.1 individuals/km* respectively. The density 
thus estimated was slightly higher in Bhiwani district as compared 
to other districts. 
To start with it was hypothesized that the population density 
in all the four districts was the same. The data obtained by the 
"Line Drive Count" method was analyzed and it was found that 
hypothesis was not sound. The densities estimated by two methods 
were not significantly different, whereas the densities differed 
significantly from one district to another irrespective of the 
method applied (Mann-Whitney U-test: n 1 = 3, n 2 = 4, P=0.0339; M-
W U-test n 1 = 7, n 2 = 6, P=0.0027; M-W U test n 1 = 8, n 2 = 7, 
P=0.0012; and M-W U test n 1 = 5, n 2 = 6, P=0.0061 for Hissar, 
Bhiwani, Rohtak and Mahendragarh districts respectively). 
3.2.1.2 Vehicle Count 
The data from vehicle count has been analyzed using two 
methods: 
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a) The data from Nahar area was pooled on seasonal basis and the 
densities were calculated using computer program "TRANSECT" by 
Fourier Series Estimator. The results are presented in table 14. 
The density of nilgai was highest from April to November 1990. 
B) The densities obtained by King's method from the same area are 
given in table 15. 
The densities arrived at from Nahar area using two different 
methods of analysis (Fourier Series Estimator and King's) are not 
comparable as the basic principles and assumptions as mentioned in 
Chapter 2 are different for both the methods. Only the magnitude 
of results is comparable-when there is higher density of nilgai in 
one season using one method, so is the case using another method 
for the same season. 
3.2.1.3 Line Drive Count 
Density estimation by Line Drive count method was done in both 
Nahar reserve forest and Kairu panchayat land. The data recorded 
twice a month was pooled on seasonal basis and then the densities 
were calculated as shown in tables 16 and 17. 
The data collected by "Line Drive Count" method from Nahar 
reserve forest for densities was compared with the densities 
estimated by same method in reserve forests of Rohtak district 
(Table 8). It was surmised that the nilgai population density in 
Rohtak and in Nahar was same. Likewise it was surmised that the 
population density in Kairu panchayat land and Bhiwani district was 
same. These assumptions were then tested using Null hypothesis. It 
was accepted for Rohtak-Nahar areas (Mann-Whitney U test n 1 = 7, 
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n 2 = 6, P = 0.04751) but was rejected for Bhiwani-Kairu areas 
(P>0.05). 
Animal group sightings per distance class interval, in various 
seasons are given in Table 18. The mean perpendicular distance for 
animal group sighting was maximum during December through March, in 
1989-90 (145.2 m). While the mean distance ranged between 130-137.8 
in April through November 1991, it ranged between 52-65 in April 
through March 1990-91. Obstruction in vision while moving along 
the roads during cropping season may be the reason for the larger 
perpendicular distances from transect line. 
The "Line Drive Count" and "Vehicle Count" methods were found 
to be equally suitable technique for estimating the population of 
nilgai in agricultural, forested or plantation habitats. The only 
disadvantage of "Line Drive Count" method is that it needs a large 
number of trained personnel to carry out the field work. Results 
from both the methods could not be compared as areas sampled were 
different. Forested areas in Nahar and Kairu are used by these 
animals as day time refuge or sheltering places, although these 
areas cannot provide enough food to sustain the population. High 
density of nilgai in these areas was due to congregation of the 
animals. 
Population densities of four districts viz. Hissar, Bhiwani, 
Rohtak and Mahendragarh have been estimated. The relative density 
of nilgai in Bhiwani district was highest, the probable reason may 
be as follows. No fencing, electric or ordinary has so far been 
used in that district. Poaching is also not done in Bhiwani. 
30 
Farmera in the district simply protect their crops using harmlesR 
methods such as shouting, chasing and putting human dummies. Thus 
the animals in the district feel at ease and are not compelled to 
me to adjoining areas where harassment is relatively severe. 
3.2.2 Population Structure 
It is worth mentioning that the peculiar circumstances in 
which nilgai live particularly in Haryana, do not allow the animals 
sufficient freedom of association in the formation of groups. 
Animals are regularly chased and driven away from the cultivated 
areas and hence the entire population remains in a state of turmoil 
during the cropping season in particular. Another set of problems 
is faced by the animals during April-July when there are no 
cultivation. Majority of nilgai in that period move to 
reserve/community forested patches for shelter during the day time 
and hence they escaped observations. 
Monthly data collected on population structure using scan 
sampling were subjected to various statistical tests and then, was 
pooled for two consecutive years (December 1989-November 1991 and 
December 1990-November 1991) on seasonal basis. Animals were 
classified in four size categories i.e. single, 2-9, 10-17 and >17 
individuals. Any two animals in close proximity (within 5 m) were 
regarded as a group. There was no difference in group size values 
between two years (P>0.05). However, the group size values 
differed significantly between seasons for two consecutive years 
for all male group, mixed group and female with calves (K-W One Way 
Anova df- 86, 154 & 39; P=0.1795, 0.8012 and 0.0869, corrected for 
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ties). The data has been presented as relative number of males, 
mixed herd and female with calves; associated in groups of various 
sizes on seasonal basis. 
3.2.3 Male Group 
Males were mostly found either singly or in small groups of 2-
9 individuals during April-July 1990 and 1991. Single males were 
observed most frequently during December-March in the year 1989-90 
and 1990-1991. Groups of 10 or more males were also observed but 
rarely (Figure 3). Figure 4 presents seasonal data on overall mean 
group sizes (total individuals seen divided by the total number of 
groups in which they were associated, including singles). This 
mean size was largest in August-November 1990 (4.6) and was 
smallest in December 1989-March 1990 (2.74). Adult bulls were 
either seen singly or in association with the mixed groups 
comprising of an adult male (bull), females, yearlings and calves, 
particularly during winter which is the usual breeding season. 
Adult bulls occasionally get attracted by females and join the 
mixed groups out of the breeding season also. 
In barren fields, visibility is very high from long distance, 
but during cropping season animals are evenly distributed in 
smaller groups and sighting is difficult in the crop fields. But 
Blanford (1888-91) reported that males are solitary, but 
occasionally associate in group of up to 12 individuals. Brander 
(1923) said that solitary old bulls or sometimes 2 bulls together 
are common. Formation of "great mass" of animals usually consorts 
in herds of 10-15 individuals, bull herds of this size were 
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relatively rare at all times of the year (Fall, 1972). 
3.2.4 Mixed Herd 
The overall picture for the whole year indicated marked 
fluctuation in the number of individuals in each mixed group. 
Figure 4 gives the proportion of total individuals associated in 
various group sizes. Groups of 10-17 individuals were observed tb 
be most frequent in all seasons while groups of 18 or more were 
most infrequent. Sighting frequency was the highest in winter 
(December-March 1990-91) but gradually decreased in summer and 
dropped to the minimum during monsoon and post monsoon (August-
November 1990-91). 
3.2.5 Females and Calves 
All females above 18 months of age have not been further 
classified in this report and have been considered "females" as 
there is no clear distinction between sub-adult and adults. Small 
calves have always been seen to follow their mothers, and therefore 
they too had been grouped with the females. 
The female population also exhibited a marlced annual 
fluctuation in group structure (Figure 5). The data has been 
presented in the same way as for all-male groups and mixed groups, 
except that adult females and calves of both sexes have been 
grouped together. Newly born calves do not come out of cover for 
about a week or ten days and do not follow their mothers. They 
could not be located and accounted for due to this reason. 
A majority (72%) of females were seen in groups of 10-17 
individuals during December-March period. Interestingly during this 
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period there was relatively higher frequency of sightings of all 
group sizes (Figure 5). This appears to be because of ecological 
factors. December to March is the "Rabi" season when most palatable 
and nutritive food is plentiful in the cultivated areas, which 
attracts the animals in spite of harassment by farmers. 
Figure 6 shows overall mean group size of females and calves 
in different seasons. The mean group size was largest (7.87) during 
December 1989-March 19990, followed by the size (7.76) during 
August-November 1990. The smallest mean size was observed during 
April-November 1991 (3.96-4.08). 
Similarly, mixed herds showed wide variation in their group 
size in various seasons. Grouping may be a function of safety from 
predators or influenced by breeding activity. Maximum grouping or 
congregation of individuals was in summer, followed by winter and 
then monsoon and post monsoon. The mixed herds are loose herds and 
when they rest, groups congregate to form a bigger herd especially 
during summer. These herds are scattered in various group sizes 
all over in other seasons. Dharmakumarsinhji (1959) reported that 
a bull has a "harem" of 2-10 cows and their young. Schaller (1967) 
reported that once 50 nilgai of both sexes formed a loose herd. 
The marked annual cyclic fluctuation in the group structure of 
female population is due to safety from predator rather than the 
calving or the breeding season (Figure 5). Most of the females and 
calves were observed in groups of 2-9 individuals in all seasons, 
and rest in other group sizes. Schaller (1967) noted 4 types of 
group structure: one, small herds of 1-2 cows with young calves, 
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second small herds of 3-6 adult and yearling cows with an 
occasional calf, third, bull herds of 2-18 and fourth, breeding 
herds of 1 male and several cows and calves. During 1989-90 larger 
groups of females and calves were observed than 1991. 
Variation in the group sizes can be related to calving 
activity influenced by extraneous factors. Sighting of smaller 
groups in later year may be due to drought condition; leading to 
low calf births. It was observed that the female groups are 
influenced by calving rather than breeding, as in males, and cows 
become less sociable during calving. During July-August, when 
neonate calves were more numerous, females group generally 
consisted of less than 10 animals. By December many calf-cow units 
merged and the group sizes increased till next calving season. 
Similar phenomenon has been reported by Sheffield et al. (1983) in 
Texas. 
3.2.6 Calving Season and Calf-Cow Ratio 
Brander (1923) studied nilgai population in central India and 
found calves in all seasons, but peak calving activity was just 
before rainy season (beginning June). Schaller (1967) observed 
that calves are born between June and October, with a possible peak 
during November-December, in Keoladeo Ghana National Park. While 
Haque (Pers. Coram.) reports calving primarily from April to July in 
the same park during 1988-89. Qureshi (1992) noted maximum births 
between July to September in Aligarh district. 
Calving season determination has been done in the course of 
this study, on the basis of direct sightings of calves, either 
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accompanying their mothers or alone. As the newly born calves 
seldom come out of cover till they are about a month old and also 
because calving season coincides with the thick vegetation, they 
could not be easily seen and there is the probability of numerical 
underestimation. 
Calves were first observed in June and their was lowest. The 
sightings increased steadily till August. From September to 
December sighting frequency remained almost the same. But there was 
a spurt in sightings in January which lasted for less than a month. 
The sightings gradually became infrequent as the calves born in May 
-June grew to be subadults. 
Breeding activity occurred throughout the year, with two 
peaks; one in December-January and again in April-May in the study 
area. But Haque (Pers. Comm.) reported the peak rutting from 
October to February and the breeding season from August to December 
in Keoladeo Ghana National Park. 
Calving is a function of availability of good food supply and 
nutrient level and roost calves are born when nutrient levels are 
high, i.e. rainy season (Schaller, 1967; Sheffield et al., 1983). 
In this study also calving activity has been observed to coincide 
with the increasing availability of food in forested as well as in 
agricultural areas during monsoon through winter. 
The peak breeding activity of introduced nilgai population in 
Texas was observed from December to March (Sheffield et al., 1983). 
Breeding activity of nilgai population in London was from March to 
July (Zuckerman, 1953) in South Africa from March to June and 
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November to December (Brand, 19G3) and no seasonality or year round 
activity was found in New York (Crandall, 1964). 
Reported periods of gestation for captive nilgai range from 
240-258 days, but more commonly 243-247 days (Brand, 1963; Brown, 
1936; Asdell, 1964). Nilgai male attains maturity at the age 4 and 
are fully active as breeder at 5 or 6 years of age (Schaller, 1967; 
Berwick, 1974; Sheffield et al . , 1983). Female conceive at the ago 
of 2 years (Berwick, 1974; Sheffield et al., 1983). 
3.2.7 Adult Sex Ratio 
Based on vehicle count method, the data on adult sex ratios 
collected in the course of this study has been presented in table 
19. Out of 2147 nilgai observed from December 1989-November 1991, 
41.8% were males and 45.3% were females (the sex of the remaining 
12.9% animals could not be identified), and overall mean ratio was 
92.3 males:100 females. The male to female sex ratios varied from 
a maximum of 119.7 males:100 females in April-July, 1991 to minimum 
of 56.9 males:100 females in August-November, 1991. 
The over all sex ratio of nilgai for the entire study area 
taken together was 92 males:100 females in Haryana. Berwick and 
Jordan (1971) reported 89 males:100 females. Schaller (1967) from 
two different populations reported 37 and 59 males:100 females, 
suggesting high mortality of young males than young females. Fall 
(1972) reported 109 males:100 females from Cristal and Rosital 
pastures. Four different census made in the same pastures showed 
88, 107, 100 and 99 males:100 females respectively (Sheffield et 
al., 1983). The reports of some zoological gardens indicate almost 
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1:1 ratio of males and females (Jarvis, 1966, 67 & 68; Lucas, 1969 
& 1970). Qureshi (1992) reported 73 roalesrlOO females from 
predator free system but subjected to selective poaching in Aligarh 
district. In Haryana, the mortality of nilgai (in addition to the 
natural causes) is also by electrocution, predation by dogs, and 
occasional road accidents. There has been some seasonal variation 
in the sex ratio which may be due to a variety of factors, which 
are beyond the scope of this study. If the sex ratio for all 
seasons is taken as a whole it comes to 92.39 males to 100 females. 
This broadly conforms to the hypothesis propounded by Spillet et 
al , (1966) that more or less 1:1 sex ratio may usually be found in 
an area which is free from selective shooting or predation. The 
slightly higher frequency of females may however be due to 
selective poaching and greater suceptability of males to predation 
by dogs. 
3.2.8 Fecundity 
Table 20 contains data of sightings in regard to cow-calf 
association. Groups of 2 to 5 females with calves were most 
frequently seen. Sightings of more than 5 females together with 
calves were less frequent while single cows with calves were seen 
pnly five times during the entire study period. Though the number 
of calves accompanying cows (in groups of various sizes) varied 
considerably. The overall cow-calf ratio comes to 1:1.1. 
The low calf component seems unexpected because there has been 
clear evidence that 1-3 calves may be born at a time to a female 
(Plate 4). Two foetuses were found in post-mortem of each of the 
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two females found dead in January 1991. Table 21 also contains data 
indicating that more than one calf though not a rule but is quite 
common. This conclusion can also be drawn through statistical 
analysis of the data as follows. Regression of females on X-axis 
Vs. calves on Y-axis with cumulative numbers gives the value of 
slope 0.95262+0.096 (+S.E.). This shows calf: cow ratio is 
approximately 1:1 (r= 0.9573 at P<0.0001). 
The average calf to cow ratio was 65.1 (±18.8) calves:100 
females in Nahar reserve forest (Figure 7). While the ratio from 
group size was as high as 220 calves:100 females. But the 
regression plot shows calf to cow ratio very near to 1:1. The 
conclusion arrived at in this report are in broad agreement with 
earlier reports of several other studies. Calf:cow ratio observed 
from the helicopter census in Rosita Pasture was 79 calves/100 
females; and from ground counts, it was 85 calves/100 females 
(Fall, 1972). Sheffield et al. (1983) reported 103 calves/100 
females from Texas. 
3.2.9 Mortality 
Altogether 21 animals were found dead during 1989-90 and 24 
animals during 1990-91 (Table 22 & Plate 5). Out of the 1989-90 
total of 21 dead animals there were 9 males and six females. The 
sex of the remaining six animals (mostly young calves) could not be 
identified because the carcasses were not accessible. Out of the 
1990-91 total fo 24 dead nilgai found in the study area, there were 
16 males and 5 females. The sex of the remaining 3 could not be 
identified. All the dead animals were found during winter season 
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(rabi crop pf>riod). 
3.2.10 Predators 
Out of the 45 cases of mortality of nilgai 13 were probably 
killed by stray dogs. Usually the dogs chase the animals and kill 
if and when the harassed animal gets trapped or entangled in 
vegetation or fence or slips into irrigation canal. As far as is 
known there is no rampant poaching of nilgai in the study area. 
Occasional cases do occur and in still fewer cases any evidence is 
left by the poachers. However, poaching can not be regarded as a 
significant cause of mortality. 
3.2.11 Rate of Increase 
The data on the rate of population increase was collected 
using "Line Drive Count" method from the Nahar area during 1989-92. 
The data on the population density of first year (December 1989 to 
November 1990) and second year (December 1990 to November 1991) was 
pooled. The value of r was 1.1656. Meaning thereby that there is 
an annual increase of 16.5% in nilgai population. Under the 
prevailing conditions, the nilgai population in Nahar area is 
expected to be the double in nine years, provided no negative 
factor operates and the natural causes of population regulation do 
not occur. Captive female nilgai in Gir forest first time bred at 
the age of 2 years (Berwick, 1974). "females are more fecund 
between age 3-7 years", (Berwick, 1974; Sheffield et al., 1983). 
"Female nilgai was reported to conceive while suckling", (Brander, 
1923). 
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Fig. 3 Seasonal group structure of 
nilgai males during 1989-91 
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nilgai (mixed) during 1989-91 
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Fig. 5 Seasonal group structure of nilgai 
females and calves during 1989-91 
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Fig. 6 Mean group sizes of female and 
male nilgai during 1989-91 
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Table 6. Dist.r i but ion and density of nilgai population in HiHRar 
district by Line Drive Method. C.I..= Confidence limit, 
D=individuals/kin^ . 
Area covered 
H3 Bsar Bir 
Salem Khera Escape 
Ayalki Village 
Over all density 
1 
Area 
(ha.) 1 
503 
38.5 
10 
No.of 
NiIgai 
seen 
1 
75 
43 
45 
95% 
C.L. 
±2.4 
±1.67 
±4.5 
D 
44.7 3 
111.69 
450 
75.40 
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Table 7. Distribution and density of nilgai population in 
Bhiwani district by Line Drive Method. C.L.=Confidence limit. 
Density^ individuals/sq.km. 
Area covered 
Kairu Panchayat Land 
Jitwan Bas 
Jui (Both) 
Sungar Pur 
Deorala 
Dadri 
Achina Area 
Overall Density 
Area 
(ha. ) 
259 
10 
63 
25 
50 
40 
10 
No.of 
nilgai 
1 seen 
165 
32 
96 
40 
91 
76 
28 
95% 1 
C.L. 
±7.23 
±2.7 
±8.4 
±3.1 
±6.4 
±5.7 
±1.9 
Dens. 
(km= ) 
63.70 
320.00 
152.38 
160.00 
182.00 
190.00 
280.00 
115.54 
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Table 8. Distribution and density of nilgai population in 
Rohtak district by Line Drive Method. 
Area covered 
Nahar 
Lula Ahir 
Lakhan Majravan 
Sudhrana 
Matanhel (Part) 
Khanpur Khurd 
Salahwas 
Shyam Nagar 
Overall Density 
Area 
(ha. ) 
171 
39 
46 
16 
100 
80 
34 
160 
No.of 
nilgai 
seen 
51 
37 
22 
24 
86 
54 
45 
65 
95% 
C.L. 
±5.7 
±6.21 
±2.0 
±1.7 
±7.2 
±3.2 
±4.9 
±5.0 
Dens. 
(kmM 
30.00 
100.00 
47.8 
150.00 
86.00 
67.5 
132.35 
100.00 
59.44 
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TABLE 9. Distribution and density of nilgai population in 
Mahendragarh district by Line Drive Method. 
Area covered 
Saliroabad R.F. 
Nimbi Duloth R.F. 
Rasul Pur R.F. 
Jhabua R.F. 
Jainabad 
Overall Density 
Area 
(ha.) 
190* 
281* 
78 
303* 
15 
No.of 
nilgai 
seen 1 
104 
58 
41 
43 
21 
95% 
C.L. 
±7.14 
±6.8 
±2.24 
±5.62 
±2.7 
Dens . 
(kmM 
109.47 
40.28 
52.56 
28.38 
140.00 
55.62 
*Only 1/2 of the total area was sampled 
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Table 10. Density of nilgai in Hissar district by Vehicle Count, 
OiBt.= Distance, PD= Perpendicular distance. 
Area covered 
Bhattu 
Bhana & Bhodia 
Balsamand Road 
Adampur 
Overall Density 
No.of 
nilgai 
96 
32 
17 
22 
Dist. 
(km) 
30 
25 
18 
15 
PD 
(m) 
200 
150 
200 
150 
Density 
(km^ ) 
8.0 
4.27 
2.36 
4.89 
4.88 
±2.0 
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Table 11. Density of nilgai in Bhiwani district by Vehicle 
Count Method. Dist.=Distance, PD= Perpendicular distance. 
Area covered 
Jul 
Jho ju 
Loharu 
Bapora 
Jhuppa 
Dadri 
Overall Density 
No. of 
nilgai 
40 
19 
55 
20 
59 
23 
Dist. 
(km) 
10 
14 
25 
17 
32 
19 
PD 
(m) 
200 
150 
100 
100 
200 
100 
Density 
(km* ) 
10.00 
4.5 
11.00 
5.88 
9.22 
6.05 
7.77 
±2.4 
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Table 12. Densi ty of nii«gai in Rohtak d i s t r i c t by Vehic le 
Count Method. DiBt-= Di-sttance, PD=Perpendicular d i s t a n c e . 
- ^ ' • ' - r • • " " — • • • — 1 . - 1 . i » 
Area covered 
Nahar » 
Chhuchchhakwas 
Jha r1i 
Bhagwatipur 
Chi ri-Chandi , . ' 
Badli 
Kalanaur 
Overall Density 
No.of 
niIgai 
41 
43 
24 
16 
19 
29 
18 
Dist. 
(km) 
18 
25 
18 
23 
26 
27 
16 
PD 
(m) 
150 
150 
150 
100 
100 
100 
100 
III i ^ M ^ M i M ^ 
Density 
(km^ ) 
7.5 
5.73 
4.44 
3.48 
3.65 
5.37 
5.62 
5.1 
1.3 
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Table 13. Density of nilgai in Mahendragarh district by 
Vehicle Count Method. Diat.= Distance, PD=Perpendicular 
distance. 
1 Area covered 
Kanwali 
Mandela 
Bachhod 
Palri 
Karoli 
Ateli 
Overall Density 
No.of 
nilgai 
22 
26 
17 
47 
21 
15 
Dist. 
(km) 
17 
25 
19 
35 
17 
12 
PD 
(m) 
100 
100 
100 
150 
150 
100 
Density 1 
(kmM 1 
6.47 
5.2 
4.47 
4.47 
4.11 
6.25 
5.16 
0.91 
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Table 14. DenHJtJeB of Nilgai in different Beasons in Nahar area 
by Vehicle Count Method (Fourier Series Estimator) during 1989-
1991. S.E.= Standard error, C.L.= Confidence limit, CV= Cofficient 
of variation, D= Density. 
Months S.E. 95% C.L. % CV D 
no./kro^ 
Dec 89 - Mar 90 0.059 ±2.24 
Apr - July 90 0.16 ±0.69 
Aug - Nov 90 0.13 ±0.65 
Dec 90 - Mar 91 0.07 ±0.33 
Apr - July 91 0.04 ±0.15 
Aug - Nov 91 0.04 ±0.24 
5 0 . 0 
4 0 . 2 
3 3 . 5 
3 3 . 1 
1 3 . 4 
2 5 . 3 
1 .25 
4 . 9 4 
4 . 7 9 
1.98 
2 . 7 5 
1.57 
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Table 15. Density of nilgai in different seasons in Nahar are.i 
by Kings'B Method. C.L.= Confidence limit, S.E. Standard error, 
Den8.= Density 
Seasons 
Dec 89-Mar 90 
Apr-July 90 
Aug-Nov 90 
Dec 90-Mar 91 
Apr-July 91 
Aug-Nov 91 
X PD 
(m) 
145.2 
53.8 
56.8 
65.3 
137.8 
130.0 
95% 
C.L. 
±0.03 
±0.006 
±0.016 
±0.014 
±0.019 
±0.04 
S.E. 
0.015 
0.003 
0.008 
0.007 
0.01 
0.02 
Dens. 
(km^ ) 
3.38 
14.52 
7.38 
3.31 
4.54 
3.02 
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Table 16. Density of nilgai in different. seaBon in Nahar reserve 
forest by Line Drive Count. C.L. = Confidence limit. 
Months 
Apr - July 89 
Aug - Nov 89 
Dec 89 - Mar 90 
Apr - July 90 
Aug - Nov 90 
Dec 90 - Mar 91 
Apr - July 91 
Aug - Nov 91 
Dec 91 - Mar 92 
Total No. 
of ni1gai 
653 
440 
497 
706 
325 
502 
721 
558 
514 
95% C.L. 
±7.42 
±1.78 
±3.21 
±11.03 
±9.53 
±9.53 
±2.11 
±14.33 
±8.20 
Density 
(km* ) 
• , . , 
48.01 
32.35 
36.54 
51.91 
23.90 
36.91 
53.01 
41.03 
37.79 
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Table 17. Density of nilgai in different season in Kairu panchayat 
land by Line Drive Count. C.L. = Confidence limit. 
Month 
Dec 89 - Mar 90 
Apr - July 90 
Aug - Nov 90 
Dec 90 - Mar 91 
Total No. 
of nilgai 
877 
1544 
708 
502 
95% C.L. 
±5.07 
±1.96 
±8.69 
±9.53 
Density 
(km' ) 
42.33 
74.52 
34.17 
36.91 
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TABLE 18. Animal group sightings per distance class interval for 
different seasons by Vehicle Count Method. PD= Perpendicular distance. 
Seasons 
1 Dec89-Mar90 
1 Apr-JulY90 
Aug-Nov90 
Dec90-Mar91 
Apr-July91 
Aug-Nov91 
Number of Groups in Perpendicular 
Distance Class Interval (m) 
0-
30 
04 
19 
08 
08 
16 
03 
31-
60 
11 
31 
09 
12 
11 
01 
61-
90 
02 
11 
02 
05 
06 
01 
91-
120 
15 
09 
05 
04 
07 
' 
120-
150 
05 
01 
01 
04 
13 
03 
>150 
16 
-
-
-
30 
06 
Mean 
PD 
(m) 
145.2 
52.7 
56.8 
65.0 
137.8 
130.0 
Total 1 
No. of 
anim-
als 
562 
858 
309 
304 
840 
128 
58 
TABLE ]9. Adult sex ratios in different seasons. 
1 Months 
Dec 89-Mar 90 
Apr-July 90 
1 Aug-Nov 90 
Dec 90-Mar 91 
Apr-July 91 
1 Aug-Nov 91 
1 Total 
Males 
145 
304 
115 
111 
328 
029 
1032 
Females 
223 
345 
114 
110 
274 
051 
1117 
Males/lOO 
Females 
65.0 
88.1 
100.8 
100.9 
119.7 
56.9 
92.39 
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Table 20. Sightings of cow-calf aRSOciation from July 1990 to March 
1991 by Vehicle Count Method. 
1 One or more 
1 females with 
1 calves 
! ^^ 
1 02-05 
1 '^^ 
No. of 
sight. 
05 
95 
83 
Total No. 
of Females 
05 
346 
768 
No. of 
Calves 
11 
235 
292 
Calves/ 
Female 
2.2 
0.68 
0.38 
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Table 21. Number of sightings of calf-cow association 
during July 1990 to march 1991. 
No. of 
calves 
0 
1 
2 
1 ^ 
1 ^ 
1 ^ 
6 
1 ^ 
1 ^ 
1 ^ 
1 ^ ° 
11 
1 ^^  
1 
1 
2 
2 
5 
1 
3 
1 
3 
3 
1 
5 
2 
4 
3 
Females 
4 
1 
2 
1 
3 
3 
2 
5 
1 
3 
6 
4 
1 
in Groups of 
6 
1 
2 
2 
2 
4 
7 
7 
1 
3 
5 
3 
5 
2 
2 
8 
4 
3 
4 
7 
1 
Various Sizes 
9 
1 
7 
9 
6 
11 
10 
1 
0 
4 
3 
8 
11 
2 
6 
1 
12 
1 
7 
13 
2 
17 
1 
3 
0 
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Table 22. Mortality in nilgai and its causes during 
1989-91 . 
1 Months 
Dec 1989 
1 °^ 
1 Nov 1990 
1 Dec 1990 
to 
July 1991 
Male 
9 
16 
Female 
6 
5 
Calf 
6 
3 
E 
4 
9 
Causes ( 
P 
7 
6 
D 
4 
2 
Df death 
RH 
2 
2 
B 
1 
2 
U 
3 
3 1 
E = Electrocution, P= Predation by dogs, D= Driving 
into canal, RH= Accident on to roads, B= Bullet, 11 = 
Unknown. 
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CHAPTER'A FOODr FEEDING & HABITAT 
USE 
4.1 INTRODUCTION 
Habitat supporting any wild animal population includes food, 
water and shelter. Utilization of such a habitat greatly depends 
upon seasonal availability of food, phenology of plants, seasonal 
movements of animals and consequently their distribution 
(Dinerstein, 1979). 
Studies on food and feeding habits of wildlife species are of 
great importance for proper management. Nutritional problems of 
wild herbivores usually arise as a consequence of quantitative or 
qualitative food shortages in their habitat. Animals may be 
malnourished or starving in a habitat where superficially food 
appears to be adequate but qualitatively inadequate. Unlike 
carnivores; herbivores whose diet comprises of crude foods mainly 
comprising carbohydrates, low proteins and associated nutrients, 
exhibit strong preferences for certain high quality foods. The 
knowledge of food habits of animals is therefore, essential for 
efficient range management for optimal forage allocation to 
different types of herbivores, selective grazers, and for selection 
of plant species for reseeding deteriorated ranges (Henry et al., 
1982). Animals in good health generally have higher rates of 
reproduction and are more resistant to many types of ailments 
leading to mortality. Nutrition thus affects birth and mortality 
rates and thus plays an important role in dynamics of managed 
populations (Haque, 1990). 
Few studies have so far been done on the food habits and 
habitat use by nilgai. Noteworthy of such studies are by Berwick 
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(1974), Sheffield et al. (1983), Haque (1990) and Khan et al. 
(1990) . 
4.2 RESULTS AND DISCUSSION 
4.2.1 Food and Feeding Habits 
The data on food and feeding habits of nilgai, given in the 
report, are based on direct observations in the crop fields and 
reserve forest. Seasonal variation in the number of animals grazing 
and browsing is given in table 23. A total of 426 observations on 
feeding were made in Nahar reserve forest from December 1989 to 
November 1991. In various seasons, 71.7% to 90.8% of the animals 
were found grazing and 9.1% to 28.2% of the animals were seen 
browsing. The plants or plant matter consumed by the animals were 
mainly doob grass (Cynodon dactylon), dry shed green leaves of 
Salvadora oleoides, Prosopis cineraria, Capparis sepiaria and pods 
of Prosopis Juliflora. Similarly 330 observations on feeding were 
made in crop fields. In various seasons, 37.86% to 81.31% of the 
animals were found grazing and 18.69% to 62.14% of the animals were 
seen browsing (Table 23). The plant species grazed by the animals 
included early phenological stages of "rabi" crops: wheat, gram and 
mustard, and "kharif" crops: bajra, guar and jowar and doob grass 
(Table 24). The browse species mainly included leaves of Prosopis 
cineraria, Salvadora oleoides and Acacia nilotica. 
The major food species consumed by nilgai during winter, 
summer and monsoon seasons from December 1989 to November 1991 were 
quantified (Table 24). Estimation of quantities of various foods 
consumed is only relative and is based on direct observations by 
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the help of field glasses from a distance of about 50 in. Number of 
bites was taken as a measure of quantity eaten. It is not a very 
accurate assessment because the amount of matter eaten in "one 
bite" differs from grasses to leave and to pods. However, there was 
no scope for application of objective and precise methods in the 
field due to various limitations. 
Of all the plant species, Cynodon dactyJon formed the major 
proportion (31.l%-52.6%) of the diet in all the three seasons, 
followed by Triticum aestivuw, Cyamopsis tetragonoloba and dry 
matter of other species (litter). The major plant species recorded 
in the study areas and phenological stages of plants in reserve 
forests have been listed in Appendix 1 and 2. 
4.2.2 Food Preference 
The plants or plant matter consumed by the animals were 
classified into four categories viz. grass species, tree species 
(leaves and pods), forb (dry litter; shed leaves and pods falling 
on the ground) and agricultural crops. The consumption of grasses 
was highest (44%-67%) in Nahar reserve forest, followed by leaves 
and pods (Table 25). In agricultural fields, crops were consumed 
more in winter (73.3%) and in monsoon (78.6%) when this food was 
available in plenty. During summer, grasses were the predominant 
proportion of food (56.21%) because there was hardly any choice. 
4.2.3 Habitat Use 
The data on the habitat use by nilgai was collected from the 
two habitats: Nahar reserve forest and adjoining crop fields. The 
results for the crop fields and each compartment of the reserve 
65 
forest, are given in Table 26. 
The extent of use of various compartments in the reserve 
forest and crop fields by nilgai for feeding, based on direct 
sightings in different seasons was studied. The data is given in 
tables 27. The animals were observed during winter season feeding 
mostly in compartments number 2 (15.7%), 3 (6.5%), and 10 (6.0%) 
and least in compartments 4 and 12 (0.18% each). In summer, animals 
fed more in compartments number 1, 2, 3, 6, and 9 (8.7%, 9.2%, 
4.1%, 4.0% and 5.8% respectively). But in monsoon, more animals 
were seen feeding in compartments number 1, 3, 11 and 17 (5.4%, 
4.3, 6.4%, and 6.4% respectively). Frequency of sightings supports 
the conclusion drawn in this report that nilgai spend more time in 
the crop fields. Out of 6883 sightings, 4055 were in the forested 
area and 2829 were in the cultivated area. Sightings data further 
indicate that certain compartments of the forested area were raoro 
frequently used than others. Looking ar the locations of the 
compartments in relation to crop fields it envisages that the 
compartments 1, 2, 3 and 11 which were adjacent to crop fields are 
the most used ones (compartment no. 1 with 356 sightings, 
compartment no. 2 with 874 sightings, compartment no. 3 with 440 
sightings and compartment no. 11 with 450 sightings). This is also 
logically plausible; since the animals have to spend the maximum 
possible time feeding in the crop fields but retreat into the 
forest cover when harassed by the farmers and the forest 
compartments closest to the fields are the most accessible and 
hence the most intensively used ones. 
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Since the two habitats are interlinked with each other in 
terms of space, neither is able to function independently for the 
two reasons: (i) Reserve forests cannot independently provide^ 
sufficient food to all the animals inhabiting it round the year, 
(ii) crop fields cannot provide ample cover and shelter to the 
animals for protection and breeding etc. During non-cropping 
season i.e. in between "rabi" and "kharif" crops, there is hardly 
any cover left. Hence, both the habitats are complementary to each 
other. When animals were monitored from morning till evening, they 
were invariably found using both the habitats. 
In Nahar area, nilgai grazed all the year round and the 
preference was in order of agricultural crops, grasses, leaves and 
forb. From the data it is concluded that nilgai is primarily a 
grazer but it resorts to browsing to make up for the shortages of 
grasses etc. Similar conclusions had been drawn by Sheffield et 
al. (1983) for nilgai population in Texas. Other studies also 
indicate that nilgai is mainly browser but also feeds on cultivated 
crops including paddy, mustard and lentils (Dinerstein, 1979). 
Schaller (1967), Mirza & Khan (1975) and Roberts (1977) reported 
that as a consequence of extensive land use in India for 
agriculture and dense human habitation, nilgai habitat has been 
adversely affected both qualitatively and quantitatively. The Asian 
nilgai are, therefore, compelled to supplement their natural diet 
by feeding on agricultural crops and low quality natural forage 
containing high amounts of browse. Nilgai were observed feeding on 
Calotropis sp. especially during summer when food was scarce 
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(Haque, 1990; Sharatchandra & Gadgil, 1975). 
In the Nahar reserve forest, nilgai had been found to feed 
mainly on grasses throughout the year but in crop fields, browsing 
appeared to predominate grazing, especially during monsoon. This 
may be due to the fact that during the day time animals seldom get 
freedom to feed on crops from dawn to dusk and nights allow the 
animals for the safe feeding on crops. 
Nilgai was observed to consume more grass during summer and 
least in winter. The reason for diet variation is that Cynodon 
doctylon is the only available grass in summer besides pods of 
Prosopis Juliflora and Acacia nilotica, but during winter, more 
nutritious and palatable crops are available. Nilgai appeared in 
better body condition in late winter when high quality crops e.g. 
pods of gram were in abundant supply. Hence crops were preferred to 
other plants in the area. Haque (1990) had also described the 
highest protein contents in winter crops than the plants of semi-
arid regions. 
The animals were observed to spend more time in the reserve 
forest than in the crop fields because they are compelled to remain 
under forested cover due to harassment by farmers. This is a bias 
because observations were done only from dawn to dusk. However, it 
is known that nilgai spend substantial time in the crop fields 
during night but could not be directly observed at that time. 
Indirect evidences, such as hoofmarks, dropping and crop damage 
clearly indicate the presence of nilgai in crop fields from dusk to 
dawn. 
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There were several instances of nilgai being forced to run out 
of their day shelter, when graziers took their cattle to the 
reserve forest for grazing. The scared nilgai moved to the 
cultivated fields which happened to be the only alternative. 
Nilgai were found to prefer open grassland with an 
interspersion of cover and scattered ponds for feeding (Scheffield 
et a]., 1983). Haque (1990) reported that nilgai used all the 
habitat types including wet areas in Keoladeo Ghana National Park. 
There was not much seasonal variation in the habitat utilization by 
nilgai in the park. Khan et al. (1990) reported the higher density 
of nilgai in Gir in habitat types with low tree and shrubs cover 
and dominance of thorny species and grasses. The study in Haryana 
has also indicated that there was not much variation in the use of 
different compartments and crop fields. Moreover, as can be 
expected the, compartments with the minimum human interference and 
those adjacent to crop fields were the most used ones. From 
ecological standpoint, this appears to be a sound strategy for 
balancing the fulfillment of pressing need (feeding) with safety 
considerations. 
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Table 23. Feeding habits of nilgai from 1989-91. 
Reserve forest-
1 Season 
1 Winter 
B Summer 
1 Monsoon 
1 Total 
No. of 
Obser-
vations 
600 
660 
546 
1806 
No. of 
observations 
on feeding 
138 
162 
126 
426 
% Animals 
Grazing 
71.72 
90.89 
79.27 
% Animals 
Browsing 
28.28 
9.11 
20.73 
Crop field 
1 Winter 
J Summer 
1 Monsoon 
1 Total 
510 
618 
336 
1454 
120 
126 
84 
330 
57.21 
81.31 
37.86 
42.79 
18.69 
62.14 
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Table 24. Major food species of nilgai recorded during 1989-91 
Plant Species 
Cynodon dactylon 
Capparis sepiaria 
\ Prosopjs cineraria 
\ Acacia nilntica 
\ A. torti1 is 
j Zizyphus nurnuJaria 
1 Salvadora oleoides 
1 Prosopis Juliflora 
1 Saccbarum munja 
Zizyphus maritiana 
Brassica compestris 
Triticum aestivum 
Cicer arietenum 
Pennisetum typhoides 
Cyamopsis tetragonoloha 
Dry matter 
Other 
Winter 
31.16 
(177) 
4.4 (25) 
5.28 (30) 
0.88 (5) 
0.35 (2) 
0.53 (3) 
8.98 (51) 
1.59 (9) 
-
-
7.75 (44) 
11.62 (66) 
8.1 (46) 
-
-
11.27 (64) 
8.09 (53) 
% Occurrence 
Summer 
52.69 (402) 
0.92 (7) 
8.52 (65) 
0.39 (3) 
-
-
2.88 (22) 
7.92 (68) 
3.67 (28) 
0,26 (2) 
-
-
-
4.98 (38) 
1 7.47 (57) 
6.68 (51) 
3.62 (27) 
Monsoon 
38.92 (72) 
2.7 (5) 
5.95 (11) 
-
-
-
-
3.24 (6) 
-
8.11 (15) 
-
2.16 (4) 
3.24 (6) 
30.27 (56) 
0.54 (1) 
4.87 (9) 1 
Frequency of occurrence of plant species shown in parenthesis. 
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Tabic 25. Food preference of nilgai from 1989-91. 
(A) Reserve forest 
1 
Seasons 
Winter 
Summer 
1 Monsoon 
Total No. 
of Obser-
vations 
347 
425 
082 
Percent Utilized 
GRASSES/ 
CROPS 
44.09 
56.47 
67.07 
WOODY SPP. 
(LEAVES/PODS) 
32.28 
28.94 
26.83 
FORB 
17.87 
5.65 
1.223 
DNKNO 
WN 
5.76 
8.94 
4.88 
(B) Crop fields 
J winter 
1 Summer 
1 Monsoon 
221 
338 
103 
73.3 
16.57 
78.64 
10.86 
56.21 
16.5 
5.88 
13.61 
1.94 
9.95 
13.61 
2.92 
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Table 26. Use of various compartitw^nta in Nahar reserve forest and 
adjoining crop fields by niJgai during 1989-91. 
Reserve Forest 
1 Compartments and 
Crop Fields 
1 
2 
3 
6 
' 
8 
9 
10 
1 ^^ 
1 ^^ 
1 ^^ 
1 ^  
1 "^  
Others 
CROP FIELDS 
No. of sightings 
356 
874 
440 
143 
183 
251 
148 
165 
450 
219 
132 
225 
400 
069 
2829 
% Use 
5.17 
12.70 
6.39 
2.08 
2.64 
3.65 1 
2.15 1 
2.4 
6.54 
3.18 
1.92 
3.27 
5.81 
1.0 
41.1 
There are 17 compartments in Nahar R.F. Missing compartments (4 & 
5) have been put in others category as their values were <=1% 
together. 
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Tablf 27. VHV. of various compart.mentH in Nahar resf^ rve forest and 
crop fields by nilgai for feeding in different seasons during 1989-
91 . 
Reserve 
Forest 
Compartment 
Numbers 
1 
2 
3 
4 
1 ^ 1 ^ 
I "^ 1 ^ 
1 ^ 
1 ^^ 
1 ^^ 
12 
1 ^^ 
1 ^^ 
1 -"^  
1 ^^  1 ^^  
CROP FIELDS 
WINTER 
4.24 
15.75 
6.55 
0.18 
0,35 
3.01 
2.65 
4.07 
3.89 
6.02 
3.89 
0.18 
1.06 
4.42 
4.42 
0.35 
0.4 
38.56 
% Feeding 
SUMMER 
8.76 
9.28 
4.18 
1.18 
3.01 
4.05 
2.09 
1.31 
5.88 
3.79 
2.75 
3.53 
0.76 
0.24 
3.24 
1.9 
2.0 
44.05 
MONSOON 
5.41 
2.7 
4.32 
0.54 
3.24 
1.62 
3.78 
2.70 
2.16 
6.49 
1.08 
-
2.7 
1.08 
-
6.49 
55.68 
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CHAPTER-5 ACTIVITY & MOVEMENT 
PATTERN 
5.1 INTRODUCTION 
Time st)ent by ungulates on various activities in general is 
influenced by environmental factors, particularly weather 
f'ondjtions and food. Human disturbance may be the overriding 
factor. Animals have to spend much less time on feeding when the 
food IS abundant and conveniently available. 
Nilgai allocate their time and use available habitats to 
satisfy their basic nutritional requirements, movement, social 
interaction and rest. The resulting time budget and ranging 
pattern may vary with age, sex, time of day, season and weather 
conditions. Estimates of the animal's resource needs through the 
annual cycle require an understanding of how these factors affect 
patterns of activity and movement. 
Animals move from one place to another for a variety of 
reasons. They may, for example, undertake seasonal migrations to 
avoid unfavorable conditions and to satisfy their basic needs. 
The activity patterns of many of the large African ungulates 
have been studied by Jarroan and Jarman (1973), Leuthold and 
Leuthold (1978) and Blier and McCullough (1990). Studies carried 
out on Indian ungulates are by Schaller (1967), Abies (1974), 
Mungall (1978), Green (1985), Chattopadhyay and Bhattacharya (1986) 
and Haque (1990). However, a very little is known about the 
movement pattern of nilgai. 
The effective management of a species requires a thorough 
knowledge of its time budget, activity pattern and movement/ranging 
pattern. This study of activity and movement patterns of nilgai 
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had been taken up to fill the yap.s in our know] edge of the species 
and to strengthen the hnniis of managers. 
5.2 RESULTS AND DISCUSSION 
5.2.1 Time Budget 
The tirne budget has hieen observed to undergo seasonal variations in 
Nahar reserve forest (Figure B). During winter, the maximum feeding 
activity was from 16 to 17 hours (25.7-31.8%). Although the 
feeding activity continued rhytheraetically throughout the day, 
there were peaks discernible. The feeding as it has been recorded 
does not reflect the correct picture because no observations were 
possible at night when feeding probably continues undisturbed. The 
feeding activity shown in this report are a consequence of 
limitations in regard to observation schedule, may therefore be 
viewed in this perspective. Feeding activity slowed down in the 
early hours of the day and increased from 14 hours (23%) to peak 
(31.7%) at 17 hours. 
The actual factors responsible for such a rhythm have not been 
fully understood. However, there are some plausible reasons which 
are as follows: 
a) Field studies at night were found to be impossible or hazardous 
in the cultivated areas because the farmers in order to eliminate 
the depredator usually spread live electric wires haphazardly in 
the fields. Several casualties take place involving nilgai, 
feral/domestic cattle and even human beings (2 farmers during 
1989). Other factors against venturing out at night for 
observations is the danger of getting injured by fire crackers and 
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sling shots, whic^b aic cominonly usod to keep the pest away, 
b) As has been state(3 eailjei in this report, nilgai definitely 
feeds during night. Hoof riarks and dropping in the cultivated 
fields as well as crop damage signs are dependable evidences. But 
data for night time could not. be collected and hence th(" 
unexplained features in th>e Figures 8 f< 9. 
In summer however, two distinct peaks of feeding activity; one 
in the morning around 7 to 9 hours (41.7 to 40.5%) and the other at 
16 hours (37.9%). There wa)s in the feeding ac;tivity after 9 hours 
and was minimum at 14 hrs (2.5%). The animals were observed to be 
active again for feeding from 15 hours till late in the evenings, 
attaining the second peak. While in monsoon season, the feeding 
did not show much variation during the day hours. In the morning 
at 8 hours, feeding was •35.7% and then kept on fluctuating. The 
activity declined to 16°. at 14 hours. Feeding activity steadily 
increased after 17 hours (50%). 
Resting showed a definite peak at 14 hours during winter (42%) 
and summer (71%), while during monsoon season resting peak (54.8%) 
was observed at 14 hourss Total resting hours were almost the samr^ 
in winter, monsoon and summer. Which may seem illogical. Animals 
are expected to spend maximum time in feeding during the plentiful 
food supply seasons-monsoon and winter as they have to accumulate 
fat to survive during the lean period-summer. The logical 
explanation of this anomaly is the absence of night time data. Had 
it been possible to continue observations at night, the variation 
in resting-time could perhaps be accounted for. As there is hardly 
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any fcn)d 11> t ht> fieldn during HumnuT. The animals probably rest 
tnoKl of the night-time. It can therefore, be logically concluded 
that substantially more time is spent m resting during summer 
season but the observations (confined to day time only) indicate 
otherwise. 
No seasonal difference was observed in the running activity 
(P>0.05). The running activity was minimum (4.5%) at 14 hours in 
summer and almost no activity in monsoon season. While in winter 
animals were almost continuously on the run (19.5 to 93.3%) 
throughout the day. Most of the animals showed maximum running 
activity in the evenings. 
Considerable time was observed to be spent in standing as 
compared to all other activities; it varied from 15.3% to 68.7%; 
5.3% to 29.2%; 10 to 42.8% during winter, summer and monsoon 
seasons respectively. Standing activity was minimum in the evenings 
(17 hours) ranging from 0 to 5.3%, without any significant seasonal 
variation. 
Other activities of the animals were breeding, suckling, 
defecation, urination, drinking etc; which ranged from 0 to 6% in 
all the three seasons. 
Time budget for various activities of nilgai in the crop 
fields, showed marked variations with the change in seasons. During 
winter there were two peaks of feeding activity every day; observed 
at 8 hours (100%) and the second peak was at 17 hours (34%, Figure 
9). The feeding activity was least at 14 hours (4.8%). During 
summer days, again two peaks of feeding activity were observed; the 
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fiiKt was bftwppn 7 to 8 hours (35.6%) and the second was between 
16 t,f) ]7 hours {41.7%). Feeding continued throughout the day (11-
4°o). Durjng the monsoon season a]so there were two distinct feeding 
peaks, one in the morning (72.7%) at 8 hours and second (68.4%) at 
16 Viours. The feeding activity remained high from 16 hours to 
dusk. 
Resting activity showed distinct peaks at 13 or 14 hours in 
winter (58.3%), summer (63.4%) and monsoon (65.6%). Maximum hours 
were spent in resting during summer, followed by winter and 
monsoon. In summer most of the animals (40.1-63.4%) were at rest 
(sitting or lying) between 10 to 16 hours. 
Maximum running in the crop fields was recorded (in terms of 
time duration and number of animals) during winter. Almost 15.9% to 
75% of the animals were on the run between 9 to 19 hours. Running 
was maximum 75% in winter, 58% in summer and 54.6% in monsoon. The 
activity was least from 13 to 14 hours during winter (16%), 12 to 
13 hours in summer (2.4%) and 13 to 14 hours in monsoon (5.2%). 
More time was spent by animals standing in winter and summer than 
during monsoon. There were almost two peaks of standing activity; 
the first peak was from 7 to 10 hours and the second from 17 to 18 
hours in all the three seasons. 
Insignificantly little time was observed to be spent on other 
activities in comparison to feeding, resting standing and running. 
5.2.2 Activity Pattern 
Activity pattern of nilgai was studied in two different 
habitats: reserve forest and crop fields (Figure 10) and the study 
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was rontmiH-d 1 hrcuujh the seasonK in 3 989-91. The activity pattern 
in has been compared for each of the three seasons. It has been 
concluded that activity pattern remains same during a season 
(X'=0.8571, P>0.05 and X^=0.5, P>0.05), and is also characteristic 
of each habitat. 
During winter animals spent more time standing (30%) in the 
reserve forest than in crop fields, while they spent more time on 
feeding (19%), resting (22%) and running (38%) in the crop fields. 
But in summer, more time was spent on feeding (29%), running (31%) 
and standing (22%) in the reserve forest than in the crop fields. 
More time was spent on resting in the crop fields (30%) than in the 
reserve forest. During monsoon more time was spent on feeding (33%) 
and resting (21%) in the crop fields, (although there were no crops 
therein) while more time was spent on running (35%) and standing 
(22%) in the reserve forest. 
Marked variations in different activities of the animals m 
the two habitats were observed. Seasonal variations in activities 
has also been seen. In winter (cropping season) animals usually 
spend most of the day time in the reserve forest where there is 
much less disturbance. They, however, raid crop fields when it 
becomes dark and their presence is not detected by the watchful 
farmers. Animals retreat to the reserve forest at dawn. 
During summer there are no crops and food resources are 
scarce, therefore, the animals move and forage most of the day time 
in the reserve forest. Prasad (1985) reported that blackbuck had 
to spend more time on feeding in summer and attributed it to 
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animdls prf-f fierice for fresh foliage which is scarce in this 
season. Srha]]er (1967) observed animals resting under the shade 
of trees during the day in summer. In this case also, most of the 
animals take rest during the summer days under trees {Prosopis 
cineraria), which dot the otherwise open habitat. 
Observations have revealed that at least one animal in each 
resting group keeps standing. This is apparently meant to keep a 
watch on any danger; farmers or dogs. All members of group were 
never seen sitting at a time: different members stand and sit in 
shafts, it appears. Females with calf appeared more vigilant and 
alert for obvious reasons. Animals seldom keep running without a 
short pause, they usually stop after running for some distance 
probably to look back and review the situation. But no definite 
pattern of running behavior can, however be ascribed. 
Short duration weather changes had no impact on the animals' 
activities, especially feeding. Richardson (1972), Abies (1974) 
and Haque (1990) also reported that ungulates did not react to 
light rains, except to shake off water. 
5.2.3 MOVEMENT PATTERN 
Data on movement pattern of 48 nilgai groups in two habitats 
had been collected for all the three seasons during 1989-91. There 
was no variation in the distance covered by nilgai within each 
season of the two years (ANOVA, P>0.05), hence data was pooled on 
seasonal basis. Nilgai groups were followed continuously for 12 
hours a day and distance covered by them in every 10 minutes was 
noted. Due to many constraints it was not possible to follow the 
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Kanir herd r:nnt inuous 1 y for 12 hours, hence the data from those 
herds which r:ould not be monitored for 10 continuous hours has been 
excluded fcjr purpose of calculations. 
There was no significant difference in distance covered in two 
habitats (t-test, 2 tail probabi1ity = 0.221, df = 47). There was no 
significant variation in the distances covered by nilgai groups 
from monsoon to summer at P=0.05 (t value 3.2, 2 tail probability 
-0.187, d.f.=8). But there was significant difference between the 
distances covered by nilgai groups during winter and summer in each 
of the two habitats at P=0.05 (t- 2.51, 2 tail Probabi1ity=0.030, 
d.f.=27). 
The average distance covered by the animals daily is more 
(1199+188.42 and 3520+1165.8 for reserve forest and crop fields 
respectively) during winter than in summer or monsoon. Causes of 
higher mobility of the animals during winter than in summer or 
monsoon be the consequence of several factors. The most important 
cause is the animal's preference for the palatable and nutritive 
food in the form of cultivated crops. Most parts of the habitat are 
covered by crops during winter and animals tend to raid the crops. 
They are regularly chased away by the farmers but they regroup 
again and invade the crop fields. As the tussle is more intense 
during the daytime when observations have been made, nilgai's 
higher mobility in cropping season (winter) has been recorded in 
the course of this study. 
Coincidently the rutting season of nilgai is winter, males 
pursue the females during this season. This also causes animals to 
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movf up cind down in their habitat and hence their higher mobility 
J n winter. 
Apart from such seasonal difference in mobility, the animals 
have been observed to cover longer distance in the crop fields than 
in the reserve forest. This is obviously because they are 
frequently driven away by the farmers guarding their crops, 
particularly during the daytime when animal's presence is easily 
detected. 
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Fig. 8 Time Budget of Nilgai in Reserve 
forest 
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Fig. 9 Time Budget of Nilgai In Crop 
fields 
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Fig. 10 Nilgai activity pattern in different seasons 
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Tabic 28. Distance covered daily by nilgai groups in three seasons 
1989-91. S.F.= Standard error, Min.= Minirnurn, Max.= Maximuiti. 
A) In The Reserve Forest 
1 Seasons 
Wi nter 
1 Summer 
1 Monsoon 
Number 
of Herds 
followed 
14 
12 
05 
Average 
distance 
covered 
(m) 
1199 
741 
1033 
S.E. 
±188.42 
±52.7 
±207.6 
Range in meters 
Min. 
430 
490 
330 
Max. 
3285 1 
1200 
1570 
B) In Crop Fields 
1 winter 
Summer 
Monsoon 
03 
10 
04 
3520 
652 
1935 
±1165.8 
±99.7 
±145.5 
1940 
280 
1490 
6370 1 
1240 1 
2300 1 
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CHAPTER-6 CROP DAMAGE 
6.1 INTRODUCTION 
Like in most part of the Indo Gangetic Plains, where nilgai is 
widely distributed, the species has successfully adapted to 
agricultural habitats. This has been a consequence of the changing 
land use practices and the almost complete disappearance of the 
natural habitat of nilgai. Crop raiding by nilgai in Sirsa, Hissar, 
Bhiwani, Rohtak and Mahendragarh districts of Haryana has been 
reported by Schultz and Chauhan (1986), Chauhan & Sawarkar (1989) 
and Chauhan & Singh (1990). Small patches of Acacia spp., Prosopis 
juliflora, Capparis spp., Zizyphus spp., Salvadora oleoides, are 
used as cover by nilgai (Schultz and Chauhan, 1986). The cultivated 
area throughout the cropping seasons is used by nilgai as feeding 
ground. The animals are particularly active after dusk when they 
can not be easily be seen by the farmers guarding their fields. 
Reacting to the prevailing conditions the nilgai populations have 
undergone some adaptive behavioral changes from basically diurnal 
to partially nocturnal and partially diurnal mode (Sheffield et 
al., 1983). 
Keeping in view the interest of the farmers as well as 
protection of nilgai which is obviously desirable for biodiversity 
conservation, it has become imperative to devise a strategy for 
damage control. 
For pursuance of this goal a study on the qualitative and 
quantitative assessment of crop damage was conducted in the Nahar 
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and Kairu areas duiing 19B9-91. Information on pronomir conditions 
and attitude of the farmers towards the problem has been gathered 
m Nahar and Kairu areas of Rohtak and Bhiwani districts. In this 
chapter, the nature and extent of damage to various crops, and the 
feasibility of electric fence to mitigate crop damage have been 
discussed . 
6.2 RESULTS AND DISCUSSION 
6.2.1 Damage Assessment 
Damage to wheat, gram and mustard crops is caused not only by 
foraging but also due to various activities of nilgai viz. 
trampling, resting and movements of the animals. Quantitative 
assessment of crop damage was done using "Transect" method and 
conducting "Plot fencing experiments". Damage to crops at various 
phenological stages was also estimated. 
6.2.1.1 Transect Method 
Assessment of damage to "rabi" crops using the transect method 
was done in Nahar area and the data is contained in table 29. The 
Josses to wheat, gram and mustard crops have been estimated to be 
24.3, 56 and 42.4 percent respectively. Observations have revealed 
a strong preference by nilgai for all phenological stages of gram 
crop followed by wheat crop. Mustard crop, on the other hand, is 
seldom eaten. Damage to gram crop is mainly by feeding and also 
trampling. More or less similar is the fate of wheat crop, which is 
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KIICJIII 1y less danwujcd by TcrMiing and niotr by trampling. The case of 
imjKlar(3 is huwevpr dirffrt-nt • This crop AS seldom eaten by nilgai 
but it IS (damaged by 1 rainpling when groups of animals pass through 
mustard fiolds whale nioviny from one place to another. 
Subrtantial drirnagr^  is caused to all crops when nilgai rest 
there or occasiona11yfight with each other. 
6.2.1.2 Plot Fencing Method 
The average prr)duc t: vity of wheat, gram, mustard, bajra, gaur 
and cotton crops in protected and unprotected plots at Nahar and 
Kairu areas are shown in table 30-33. The mean weights of 
seeds grains, green mailer, and straw of each of the crops and the 
percent losses i.e. yield difference between the protected and 
unprotected plots are also shown. Losses to grains/seeds of wheat, 
mustard and gram during the year 1989-90 and 1990-91 were estimated 
to be 23, 41.1, 43.4 and 25.8, 44.8 and 42.8 percent respectively 
for Nahar areas; and 61.7, 60, 68.2 and 9.8, 18, 26.7 percent 
respectively in Kairu areas (Tables 30 & 32). Damage to bajra and 
guar in Nahar area was 16.24 and 20 percent respectively during 
1990. In Kairu area, damage was estimated to be 34.58 and 40.67 
percent for guar and cotton respectively during 1990 and 17.3, 25.2 
and 50 percent for guar, cotton and moong respectively during 1991. 
The loss values for "rabi" crop calculated through transect method 
are comparable with the seed losses of the same crop calculated 
using the plot fencing experiment during 1989-91 (Table 34). In 
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HiiK casf- also, the maximuni damayf was estimated to gram crop and 
least to mustard crop. 
6.2.2 Phenology 
Figure 11 shows the extent of damage to various phenological 
stages of wheat, gram and mustard crops. Gram and mustard crops 
were sown during November, while wheat was sown during December. 
Harvesting of gram was done during late March to mid-April, whereas 
wheat and mustard were harvested by the end of March or early 
April. Damage to wheat crop was estimated to be the maximum (62%) 
during growth phase. In case of mustard crop, seed formation and 
ripening stages were highly susceptible to damage by nilgai, the 
damage was estimated to be 76.9%. In addition, damage was recorded 
also during the growth phase of this crop. Ripe pods of mustard 
when shaken by moving animals were found to burst, and the seeds 
got scattered. Though the damage to gram was observed in all the 
phenological stages, maximum damage was recorded at two different 
stages; during growth phase and second just before harvesting. 
Damage to gram crop was estimated to be highest among all 
crops in Nahar and Kairu areas followed by wheat and mustard. 
6.2.3 Electric Fence: Dse and Effectiveness 
An electric fence of specific design was constructed along the 
perimeter of the crop fields at Nahar to test its use and 
effectiveness in protecting "rabi" and "kharif" crops. The fence 
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r()Vfr((] 4S dc-res c;f crop fields. The fence consisted of 8 strands 
] ft rtpai 1 with the lowest strand 1 ft above ground. The fence was 
eriergi7.ed with 7-8 kv of pulsating current using energizer operated 
with 12V bd1_tery. For earthing, three iron pipes were sunk 3 m deep 
in the ground and the conductivity was tested for proper 
functioning of tVie fence. The fence was maintained and monitored 
regularly and its efficacy was tested for two cropping seasons. 
Crop productivity within marked 5x5in plots, inside the 
electric fence and unprotected plots (UP) in the crops fields was 
recorded and compared to estimate (quantitative) the damage. Mean 
weights of grain/seed, green matter and straw of various "rabi" and 
"kharif" crops have been shown in the table 35. By comparing the 
crop yield of the protected and unprotected plots, losses of 
seeds/grains of wheat, mustard, bajra and guar have Vjeen calculated 
to be 11.0, 20.8, 20.3 and 21 percent respectively. Similarly, the 
difference in the yield of green matter of wheat, mustard, bajra 
and guar between protected and unprotected plots has been estimated 
to be 6.1, 18.3, 11.36 and 17.5 percent respectively. The 
difference in the yield of straw of wheat, mustard, bajra and guar 
from protected and unprotected plots has been found to be 9.4, 
17.8, 11.6 and 27.2 percent respectively. 
Nilgai were occasionally observed attempting to cross the 
electric fence and a few individuals were found inside the fence. 
Whenever the uncovered parts of the body of nilgai touched the 
fence it appeared to receive a shock and run away. There were few 
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MiKtrinceK w>ipn the mlyai whil*^ being chased by the farmers or dogs 
managed to squeeze their body and forced through the electric 
fence, sometimes even breaking a strand or two. The animals did get 
severe shock in the process but anyhow got into the fenced area. 
These animals trapped into the fenced field caused extensive damage 
to crop by trampling because they did not dare to come close again 
to the electric fence and continued to run belter skelter m the 
fields. The trapped animals had to be driven out of the fenced area 
by switching off the power and opening the gates. It was quite a 
difficult operation. 
It IS worth mentioning that the cost of electric fencing is 
considerable and is beyond the means of most farmers. It will bo 
economically untenable on a short-term basis as well as for a 
limited area. But if considered for a longer period it may be found 
economical . Highest damage to gram crop is caused because the 
tender and small bushes get uprooted by nilgai in the process of 
feeding. Damage to mustard was found to be next to gram in Kairu 
area. This can not be attributed to nutritive value or palatability 
but mainly because Kairu has poor irrigation and therefore mustard 
is extensively sown there. The damage is thus proportional to the 
area covered by mustard crop. In Nahar area, however, wheat comes 
next to gram (unlike mustard in Kairu) with regard to damage. Wheat 
is very palatable during premature stages and therefore suffers the 
maximum damage. Wheat is also extensively cultivated in Nahar area 
and obviously the damage is proportional to the area under the 
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rro{). 
Crop pr(j)tertion effort is related to the level of peoples' 
tolerance of nilgai and their damage sustenance capacity. Peoples' 
attitude towards wildlife in general varies from community to 
community. Bishnoi's for instance Viave great regard for all forms 
of life due to their religious beliefs and do not mind nilgai (and 
any other animal) damaging their crops. They strongly believe that 
each species has a legitimate share of resources and the yield will 
remain the same irrespective of damage by nilgai. There is a mixed 
population of Bishnois and other communities in Rohtak, Bhiwani, 
Hissar, Sirsa and Mahendragarh districts. Intensive protection is 
done in non Bishnoi areas. But as the nilgai population is 
increasing and damages are mounting the attitude of Bishnois is 
also changing. 
There are three broad categories of farmers in the regions 
described above. Farmers owning less than 5 acres of land are 
classified as small, those having between 5 and 10 acres are 
regarded as medium while the big farmers are those whose holdings 
rang above 10 acres. A majority of farmers in Rohtak, Bhiwani and 
Mahendragarh districts belong to middle level/status while the 
others are big farmers. As can be expected the medium and small 
farmers can ill afford any losses to their crops. The big farmers 
whose land is not extensively under cultivation but partly 
developed for orchards, do not loose much to nilgai. Those big 
farmers whose land is mostly agricultural as well as under orchard 
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Kuffpr loHs due to damage of saplings are becoming hostile to 
r\3lgai. The rich farmers also spend money on barbed-wire fencing, 
and some even have electric fences. There are reports of some big 
farmers eit.Vier themselves shooting the pest or conniving to 
poaching. Farmers who were till recently tolerant to nilgai are now 
feeling uneasy and frequently approach wildlife/forest officials, 
local administration and political leaders for control of damages. 
Instances of spreading live electric wires in the fields at night, 
employing night watchmen, brush wood fencing, use of dummies, 
driving nilgais to drown them in deep canals and even shooting 
nilgai for eating the meat are becoming more and more frequent. 
Public opinion is tilting in favor of culling and issue of shooting 
permits by the wildlife/forest department. In response to growin'j 
pressure, the state wildlife department has taken up chain-link 
fencing of Nahar reserve forest to confine the nilgai there. But 
even this device has not been very effective. Under this research 
project from the Wildlife Institute of India 45 acres of crop 
fields in Nahar area were fenced in 1991 at an approximate cost of 
Rs. 55,000/=. This too did not prove very effective. However 
farmers are expected to welcome such fencing around their fields at 
government expense but they can not afford it due to its 
prohibitive cost. 
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Fig.11 Phenology of crops aiicl maximum damage 
in various stages 
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Table^ 29. Damage to "rabi" crop based on transect method at Nahar, 
FD= Feeding, TR= Trampling. 
1 Crop 
1 Wheat 
1 Gram 
1 Mustard 
No. of 
Quadrats 
Ixlm (n) 
183 
028 
150 
Quadrats 
damaged 
(%) 
45.9 
71.4 
64.7 
Plant 
damage (%) 
24.3 
56.0 
42.4 
Nature of 
Damage 
FD (%) 
26 
80 
14 
TR (%) 
39 
35 
62 
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Table 30. Comparison of mean weights of harvested "rabi" crops 
from protected and unprotected plots during 1989-90 from Nahar and 
Kai ru area• 
1 
CROP 
WHEA 
T 
MUST 
ARD 
GRAM 
NO. 
OF 
PLO 
TS 
HAR 
VES 
TED 
5 
3 
3 
GRAIN/SEED 
WEIGHT (Kg) 
P 
15.25+ 
3,5 
UP 
11.75+ 
3,4 
(23%) 
2.8+0. 
4 
1.65+0 
.25 
(41.1%) 
2.3+0. 
9 
1.3+0. 
5 
(43.4%) 
GREEN WEIGHT 
(Kg) 
P 
51.2+8 
.4 
DP 
36.45+ 
5.5 
(28.8%) 
13.35+ 
4.3 
8.2+1. 
5 
(38.6%) 
12.75+ 
7.6 
6.5 + 5 
(49%) 
STRAW WEIGHT 
(Kg) 
P 
16 + 4 
DP 
12.6 + 
4 
(21.3%) 
2.9+0. 
35 
1.85 + 
0.4 
(36.2%) 1 
3+0.13 1.6 + 0 
.5 1 
(46.7%) 1 
1 
WHEA 
T 
MUST 
1 ARD 
1 GRAM 
j 
3 
2 
3 
16.7+5 
.1 
6,4+1. 
2 
(61.7%) 
2.5 1.0 
(60%) 
5.5+2. 
3 
1.75+0 
,9 
(68,2%) 
39.75+ 
18 
14,75+ 
4.5 
(63%) 
23 9 
(61%) 
12.5+4 
.3 
3,8 + 2 
(69.6%) 
24,7+1 
2.6 
9+2.7 1 
(63%) 1 
9.5 3.5 1 
(63%) 1 
6 + 2 1.8+1 1 
(70%) 1 
% Losses are shown in Parenthesis, P= Protected plot, Figures= Mean 
+S.D. UN= Unprotected plot 
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Tabic 31. Comparison of mean weights of "Kharif" crops 
from protected and unprotected plots during 1990, 
A) NAHAR AREA 
CRO 
P 
BAJ 
RA 
GUA 
R 
NO. 
OF 
PLO 
TS 
HAP 
VES 
TED 
4 
4 
GRAIN/SEED 
WEIGHT (Kg) 
P 
3.94±0. 
5 
UP 
3.3±0. 
6 
(16.24%) 
2±0.7 1.6+0. 
7 
(20%) 
GREEN WEIGHT 
(Kg) 
P 
39.2+8 
.3 
UP 
34.12+ 
9.9 
(13%) 
27.5+6 
.6 
20+6.9 
(27.27%) 
STRAW WEIGHT 
(Kg) 
P 
11.75+ 
1.9 
UP 
9.9 + 2 
.0 1 
(15.74%) 1 
11.5+2 
.4 
8.7 + 1 
.5 1 
(24.34%) 1 
B) KAIRU AREA 
GUA 
R 
5.32+0, 
3 
3.48+0 
.4 
18.25+ 
1.7 
13.62+ 
2.2 
8.78+1 
.3 
6.48 + 
0.9 
(34.58%) (25.37%) (26.2%) 
Cot 
ton 
4.5 + 0.5 2.67+0 
.3 
33.67+ 
5.5 
25 + 5 
0 
(40.67%) (25.75%) 
% Losses are shown in parenthesis, P= Protected plots. Figure^ 
Mean+S.D., UP= Unprotected plot 
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Table 32. Comparison of mean weights of "rabi" crops in Nahar & 
Kairu areas from protected and unprotected plots during 1990 & 91 
CROP 
WHEA 
1 T 
MUST 
ARD 
GRAM 
NO. 
OF 
PLO 
TS 
HAR 
VES 
TED 
5 
5 
4 
GRAIN/SEED 
WEIGHT (Kg) 
P 
6.2 + 0 
DP 
4.6+0. 
7 
(25.8%) 
2.5±0 1.38±0 
1 -12 
(44.8%) 
1.75±0 1+0.23 
(42.8%) 
GREEN WEIGHT 
(Kg) 
P 
16.4+0 
DP 
12.0+1 
.65 
(26.4%) 
15.75+ 12.25+ 
0 1 1.71 
(22.3%) 
14.75+ 
0 
8.4+2. 
9 
(43%) 
STRAW WEIGHT 
(Kg) 
P 
8.3 + 0 
DP 
6.6+1 
.5 1 
(20.5%) 
2.5+0 5.9+0 
1 -98 
(52%) 1 
6.4 + 0 3.85 + 
0.88 1 
(39.8%) 1 
WHEA 
T 
MUST 
ARD 
GRAM 
1 
4 
4 
4 
14 + 1 12.62+ 
0.4 
(9.8%) 
2.5 + 0 2.0+0. 
08 
(18%) 
3 + 0.1 2.2+0. 
1 
(26.7%) 
36 + 2 28.5+1 
.6 
(20.8%) 
11±0 7.75+1 
.1 
(29.5%) 
23 + 2 15.1+1 
.4 
(34.4%) 
22 + 3 15.75 1 
+ 1.9 1 
(28.4%) 1 
5 + 0 4.25+ 1 
1 1 
(15%) 1 
16 + 2 10.5+ 1 
1.1 1 
(34.4%) 1 
% Losses are shown in Parenthesis, P= Protected plot. Figures 
Mean+S.D. UP= Unprotected plot 
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Table 33. Comparison of mean weights of kharif crops 
in Kairu area from protected and unprotected plots in 1991. 
CRO 
P 
1 
! ^"^ 1 ^  
1 Cot 
1 ton 
Moo 
ng 
NO. 
OF 
PLO 
TS 
HAR 
VES 
TED 
5 
5 
2 
1 
GRAIN/SEED 
WEIGHT (Kg) 
P 
2.2+0.2 
UP 
1.82+0 
.13 
(17.3) 
1.15+0. 
15 
0.86+0 
.2 
(25.2) 
1.2+0.2 0.6+0. 
1 
(50) 
GREEN WEIGHT 
(Kg) 
P 
11.5+0 
.5 
UP 
10.2+0 
.5 
(11.3) 
5.5+0. 
5 
3.5+0. 
5 
(36.36) 
STRAW WEIGHT 
(Kg) 
P 
6 + 0 
UP 
5.6+0 
.8 1 
(6.7) 1 
32.5+2 
.5 
26.1 + 
8.4 1 
(19.6) 1 
3 + 0 2 + 0 
(33.3%) 1 
% Losses are shown in Parenthesis P= Protected plot. Figures^ 
Meani S.D., UP= Unprotected plot. 
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Table 34. Comparison of mean weights of "rabi" and 'kharif crops 
between electric fenced and unprotected plots. 
A) RABI (1991-92) 
CR 
OP 
WH 
EA 
j T 
MU 
S-
TA 
1 RD 
PLO 
TS 
HAR 
V. 
5 
5 
EF 
12.76± 
0.46 
UP 
11.36+ 
0.75 
(11.0%) 
3.56+0 
.4 
2.82+0 
.36 
(20.8%) 
EF 
29.64+ 
1.34 
UP 
27.8+1 
.4 
(6.2%) 
12.4+0 
.54 
10.1+0 
.2 
(18.5%) 
EF 
13.2+0 
.55 
UP 
11.96+ 
0.84 
(9.4%) 
5+0.38 4.16+0 
.27 
(16.8%) 
B) KHARIF (1991) 
1 ^^ 1 ^^ 
j A 
1 ^" I AR 
5 
5 
5.9+0. 
6 
4.7+0. 
7 
(20.3%) 
4.1 + 0. 
5 
3.28+0 
.4 
(20%) 
27.6+2 
.75 
24.5+1 
.48 
(11.23%) 
18.52+ 
0.65 
15.28+ 
0.46 
(17.5%) 
10.84+ 
0.84 
9.58+0 
.54 
(11.6%) 
12+1.0 8.74+0 
.7 1 
(27.2%) 
% Losses are shown in Parenthesis, EF= Electric fenced plot, 
Figures= Mean+S.D., UN= Unprotected plot 
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Tab)e 35. Percent damage in Nahar area. 
TRANSFCT METHOD 
WHEAT 24.3 n = 183 
MUSTARD 42.4 n = 150 
GRAM 56 n - 028 
PROTECTED/UNPROTECTED PLOT METHOD 
WHEAT 23 n = 5 
MUSTARD 41.1 n = 3 
GRAM 4 3.4 n = 3 
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RECOMMENDATIONS 
RECOMMRNDATJONR 
The bfiKjr- understanding developed after having conducted a 
three year study on nilgai an Haryana can be presented in a 
nutshell as follows: 
In the absence of any major predator and with a ban on 
hunting, there is no check on continued growth of nilgai 
population. Limiting factors in the ecosystem also do not have any 
appreciable effect because of agricultural devices (irrigation, 
manuring, pesticides, high-yielding varieties of food crops etc.) 
compensating for shortages (drought, related growth during summer, 
limited soil fertility, insect pests etc.). Nilgai have thus become 
an inevitable component of the agricultural ecosystem in most parts 
of Haryana. They are large-sized herbivores who thrive at the 
expense of farmers. The present rate of population growth is quite 
high (Cow-Calf ratio of 1:1). This rate should be regarded very 
high because the species breeds round the year unlike other species 
with similar ratio, and breeding only once in a year. Nilgai has 
been thriving in several ranches in the United States where it is 
regarded as game. In certain parts of our country inspite of legal 
ban, poaching goes on unabated. This indicates that the species has 
great potential for sportsmen if limited hunting is allowed. It has 
all the qualities of a game animal. But due to relegious sentiments 
attached to the species, probably because of its popular name 
"nilgai" (gai in Hindi is cow, which is a sacred animal for a vast 
majority of Indians) removal of ban on its hunting has become a 
104 
pol ] 1 1 co-rf'l i gious ISK\H'. H O W nnd wln-n tins species acquired the 
prcsrnl name is not clear. However in Ain-e-Akbari it has been 
referred to as Nilghor (implying t liat it is a relative of horse). 
Hut it seems impossible to restore the old name. 
Theoretically the easiest, t:he rheapt^st and the most effective 
way to controlling nilgai population can loe culling and hunting. 
But it will be illogical to expect that it will be acceptable to 
the people in the area or for that matter m most parts of India. 
Translocation of problem population of nilgai to selected 
locations away from cultivated areas may be a good device of 
control for the time being. But firstly there are hardly any 
suitable release sites available in the vicinity of Haryana (as 
also in the whole country) and secondly this device will not remain 
effective in the long run because the population increase in 
release sites will result in spilling over of surplus animals to 
undesired regions. Cost of translocation ((capture, transport etc.) 
and risk of high mortality in the course of the operation ar(^ 
genuine apprehensions which can not be overlooked. 
There is a remote possibility. If surplus nilgai are 
translocated in advance to locations marked for development of 
Sanctuaries/Safaris for carnivores (such as lion, tiger or leopard) 
the project will have dual advantages. But this has very limited 
scope. 
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APPENDICES 
Appendix 1. List of plant species found in the study areas, 
Scientific Name 
1. Acacia nilotica 
2. A. leucophloca 
3. A, Senegal 
4. A. tortilis 
5. Achyranthes aspra 
6. Acchynomene indica 
7. Adbatoda vasica 
8. Albizzia lebbeck 
9. Alhagi camelonm 
10. Amaranthus viridis 
11. Anisomeles indica 
12. Argemone mexicana 
13. Artemesia scoparia 
14. Asphodel us tenuifolius 
15. Azadirachta indica 
16. Bauhinia racemosa 
17. Belanites aegyptiaca 
18. Brachaiara ramosa 
19. Brassica compestris 
20. Calotropis procera 
21. Capparis sepiaria 
22. C. decidua 
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23. Cassia fistiiln 
24. Cassia tora 
25. Celosia arBentea 
26. Cenchrus setigerus 
27. Cleome viscosa 
28. Cicer arietenim 
29. Clerodendrvn phlomoides 
30. Coccinia cordifolia 
31. C. Cilliaris 
32. Commelina obliqua 
33. Convolvulus arvensis 
34. Cordia dichotoma 
35. Corchorus spp. 
36. Crotalaria medicaginea 
37. Cyamopsis tetragonoloba 
38. Cuscuta reflexa 
39. Cynodon daclytan 
40. Cyperus rotundus 
41. Dactyloctenium aegyptium 
42. Dalbergia sissoo 
43. Desmostachya bipinnata 
44. Digera muricata 
45. Digitaria strida 
46. Echinochloa coloa 
47. Eragrostis Pilosa 
48. Eremostachys acanthocalyx 
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49. F. gaiy;ct ic,3 
50. Euphorbia dracunculorjdes 
51. E. hirta 
52. Fascjolus mungo 
53. FJcus re 1 egiOS,I 
54. F. bengalensis 
55. Gossypium spp. 
55. Gymnosporia royleana 
56. Heteroposon contortus 
57. Hordeum vulgarc 
38. Imperata cylindrica 
58. Ipomoea pentaphyla 
59. Leucas cephalotes 
60. Moringa oleifera 
61. Moms alba 
62. Occiwum indicuw 
63. Opuntia dilenia 
64. Pennisetwn typhoides 
65. Polyposon spp. 
66. Prosopis juliflora 
67. Prosopis cineraria 
68. Saccharim munja 
69. Salvadodra oleoides 
70. Sida rombifolia 
71. Sida cordifolia 
72. Sida humilis 
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73. StpJlaria media 
74. Syzygiim cumuni 
75. Tragus biflorus 
76. Terminalia arjuna 
77. Tamarix articulata 
77. Tribulus tristis 
78. Tecomella undulata 
79. Trianthema spp, 
80. Triumfetta tomentsa 
81. Triticum aestivum 
82. Vetivria zizanoides 
83. Zizypus mauritiana 
84. Z. numularia 
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Appr-ndix 2. Phrnolocy of common plants in reserve fores t s in study area. 
Species Flowering Fni i t ing 
Acacia mlotica 
A. leticophloca 
A. Senegal 
A. tort His 
Azadilacbta indica 
Bellanitps aegyptiaca 
Cassia tora 
Capparis sepiaria 
Cappaiis decidua 
Prosopis cineraria 
Prnsopis Juliflora 
Salvadodra oleoidt^s 
Zizpbus mauritjana 
Z. numularia 
April-May 
Sept.-Oct. 
March 
April-May 
April-May 
May-June 
July-August 
April-May 
April-May 
April-May 
April-May 
April-May 
Nov.-Dec. 
Jan.-Feb. 
May-June 
Nov.-Dec. 
April-May 
May-June 
May-June 
Nov.-Marcb 
August-Sept, 
June-July 
May-July 
May-July 
Jan.-March 
May-July 
Jan.-March 
Feb.-March 
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Apjurnd 1 X 3. ComparLmenl • 
in Nahar reBerve forest 
-wise density of plant species per hectare" 
in 1990. 
Compa rt meni-R 
1 
2 
3 
3a 
4 
5 
6 
1 "^ 
1 ^ 
1 ^ 
1 °^ 
1 ^^ 
12 
13 
14 
1 ^^ 
16 
17 
1 17a 
AN 
302 
012 
127 
047 
-
270 
-
031 
-
-
095 
095 
095 
-
095 
-
032 
063 
063 
AT 
05 
11 
03 
-
-
-
-
-
-
-
17 
19 
-
-
-
-
-
-
-
AL 
08 
07 
-
-
-
-
-
-
-
21 
14 
09 
-
-
-
-
-
-
03 
Plant 
PC 
191 
143 
238 
111 
080 
-
095 
-
047 
-
286 
159 
-
-
4.7 
175 
060 
270 
334 
Species 
PJ 
-
-
-
31 
-
127 
-
127 
095 
477 
079 
016 
079 
222 
254 
032 
-
-
AS 
318 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0 
-
-
SO 
-
063 
111 
238 
445 
-
-
079 
-
-
-
047 
143 
047 
-
047 
302 
032 
32 
BE 
49 
32 
-
-
-
-
j 
1 
1 
1 
07 
- 1 
j 
[ 
1 
1 
1 
01 
03 1 
AN= Acacia nilotica, PC: 
AS= Acacia Senegal, AL= 
PJ= Projopis Juliflora. 
Prosopis cinereria, AT= Acacia torti1 is, 
Acacia leucophloea, S0= Salvadora oleoides 
BE= Bellanites aegyptiaca 
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Appendix 4. Compfirtment-wi Hf> pc recent ground cc)V(>r in nahar reserve 
forest during miiy 1990. 
1 Comptirt.menLs 
] 
2 
3 
3a 
4 
5 
6 
7 
8 
9 
1 °^ 
1 ^^  
12 
13 
14 
1 ^^  
1 ^^ 
1 "^^ 
1 1'^'^  
Grass species 
24 
10 
2 3 
2 3 
11 
39 
23 
10 
11 
16 
13 
]7 
31 
13 
26 
3 0 
06 
38 
25 
Litter 
43 
48 
35 
19 
23 
28 
53 1 
60 
57 
45 
62 
56 
36 
44 
48 
32 1 
56 
32 
34 1 
- Estimation of ground cover is based on "Two Step" method 
- Among grasses; it was mainly Cynodon dactylon (>95%). 
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Appendix 5. Compartment-wise regeneration (saplings/ha) of plant 
species in Nahar reserve forest in 1990. 
Compartments 
1 
2 
3 
4 
5 
6 
1 ^ 1 ^ 
1 9 
10 
11 
12 
13 
14 
15 
16 
1 ' 
CS 
6350 
7150 
5349 
2802 
995 
2356 
1082 
2292 
764 
63 
318 
191 
509 
254 
1146 
955 
508 
CD 
775 
9150 
763 
1337 
891 
191 
318 
1273 
764 
-
445 
191 
254 
-
-
460 
445 
Plant Species 
PJ 
6750 
5175 
4266 
891 
2420 
10127 
12802 
3694 
7707 
1210 
891 
1592 
2101 
1974 
2484 
127 
2292 
SO 
-
-
6760 
2802 
1656 
-
-
1082 
509 
318 
-
191 
254 
445 
-
-
460 
PC 
-
445 
-
764 
-
191 
-
-
-
-
127 
-
-
127 
-
1783 
AN 
-
-
127 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
CS = Capparis sepiaria, CD = Capparis decidua 
PJ = Prosopis Juliflora, S0= Salvadora oleoides 
PC - Prosopis Cinereria, AN = Acacia nilotica 
AT = Acacia tortilis, AL = Acacia leucophloea 
AS - Acacia Senegal, BE = Belanites aegyptiaca 
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Plate 1. Protected plots in crop field of Gossypium sp. 
Plate 2. Sampling unit for damage assessment, 
Plate 3 . Eight s t rand e l e c t r i c fence for demonstration. 
m&'^ 
Pla te 4 . Ni lgai female viith t r i p l e t s . 
Plate 5. An electrocuted nilgai. 
Plate 6. Crop raiding by a nilgai herd, 
Pla t e 7. Crop damage by n i l g a i . 
P la te 8 . A herd of n i l g a i ins ide fenced crop f ield, 
